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P H Y S I C S

1 . E L E M E N T A R Y  P A R T I C L E  T H E O R Y

( l )  *E x p l ic i t  Wave F im ctions f o r  anv Spin : Y. Prishinan and E. Gotsman

A g en era l method i s  g iven  fo r  c a lc u la t in g  th e  ex ac t form o f  the 

h e l i c i t y  am plitudes o f a  w ave-fim ction  f o r  any s p in . E x p l ic i t  ex p ressions 

o f th e  w ave-functions f o r  sp in  J  = 1 , 3 /2 , 2 and 5/2  a re  l i s t e d .  Examples 

o f h e l i c i t y  am plitudes f o r  th e  p ro d u c tio n  o f  J  = 3/ 2''’ and J  = 5/2"^ iso b a rs  

in  p ro to n -p ro to n  s c a t t e r in g  a r e  computed.

R eferen ce ;

1 . FRISHAMN, y . and CX)TSMAN, E . , Phys, Rev. I 4 0 , B II5I  ( l9 6 5 ) , and 
I s r a e l  ABC R ep o rt, IA-IO4O ( 1965)

A B o o ts trap  C a lc u la tio n  f o r  th e  Mass o f  th e  In te rm ed ia te  V ector Boson^^^;
**

E. Gotsman and D. Horn

Assuming th a t  th e  weak in te r a c t io n s  a re  m ediated by a n e u tra l  

in te rm e d ia te  v e c to r  boson, W^, a  b o o ts tra p  type c a lc u la t io n  i s  c a r r ie d  

out to  determ ine th e  mass of th e  p a r t i c l e  ( in  the  n e u trin o  a n t i -n e u tr in o  

ch an n e l). The requ irem en t o f s e lf - c o n s is te n c y  between in p u t and ou tpu t 

p aram eters  le a d s  to  th e  re sx ilt th a t  th e  mass o f th e  i s  approxim ately  

one thousand tim es th e  p ro to n  mass.

R eferen ce :

1 . GOSTMAN, E. and HORN, D ., Phys. Rev. L e t te r s ,  714 (l965)

* Weizmann I n s t i t u t e  o f  S c ien ce , Rehovoth
** P h y sics  D epartm ent, T el Aviv U n iv e rs ity
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T ests  o f R e l a t i v i s t i c  SU(6) in  P ro ton  -  A n tip ro ton  A n n ih ila tio n  : H. H a ra ri
*

and H. J .  L ipk in

The p ro to n  -  a n t ip ro to n  a n n ih i la t io n  a t  r e s t  in to  two mesons is  

proposed a s  a  c r i t i c a l  t e s t  o f  th e  v a r io u s  r e l a t i v i s t i c  g e n e ra lis a t io n s  

o f th e  STJ(6) th e o ry . I t  i s  shown th a t  every  r e l a t i v i s t i c  ex ten sio n  of 

SU(6) in  which mesons w ith  f i n i t e  momenta a re  s t i l l  in  th e  35-dim ensional 

r e p re s e n ta tio n  o f SU(6) le ad s  to  a  r a t i o  o f  16 between th e  p ro d u c tio n  

r a te s  o f  charged and n e u tra l  K mesons. This r a t i o  i s  c le a r ly  in  

c o n tra d ic t io n  w ith  experim en ta l d a ta ,  and sjnnmetry b reak in g  e f f e c t s  must 

be in tro d u ced  in  o rd e r to  re c o n c ile  th e  th e o re t ic a l  p re d ic t io n s  w ith  

experim en tal r e s u l t s .

R eferen ce;

1 . HARARI, H. and LIPKIN, H. J . ,  Phys. L e t te r s ,  15., 286 (l965)

r  S e le c tio n  Rules in  SU(l2) P ro ton  -  A n tin ro to n  A n n ih ila tio n  : H. H ara ri

H, J .  L ip k in  and S. Meshkov

The o p e ra to rs  t » d e fin ed  by th e  o p e ra tio n

of th e  D irac m a trix  on th e  SU(3) t r i p l e t  o f D irac q u a rk sp in o rs  p ' , 

n ' , and X r e s p e c t iv e ly .  I t  i s  shown th a t  th e se  o p e ra to rs  re p re se n t 

q u a n t i t i e s  conserved in  S U (l2 ), fo rb id d in g  v a r io u s  p ro c e s se s . In  

p a r t i c u la r ,  p a r t i c l e s  a t  r e s t  a re  e ig e n s ta te s  o f th e se  o p e ra to rs . The

a n n ih i la t io n ,a t  r e s t , o f  th e  pp system  in to  some m ultim eson f in a l  s t a t e s  

i s  fo rb id d en , 

th e  p ro cesses  ;

i s  fo rb id d en . The p ro cess  p+p K° + K° + tj''’ + « i s  fo rb id d en ,w h ile

* Weizmann I n s t i t u t e  o f  S c ien ce , Rehovoth
** N a tio n a l Bureau o f S tan d a rd s , W ashington, D.C.
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p + p  - » K  +  K + i t  +  jt

p + p  —> K  +  K +  T( +  rt

p + p  —» K ' + K  +  jt +  it

a re  allow ed , a t  r e s t .  A t f i n i t e  en e rg ie s  th e  c ro ss  s e c tio n s  o f  p rocesses  

which a re  fo rb id d en  a t  r e s t  a re  reduced by f a c to r s  o f v /c .  At low 

v e lo c i t i e s  th i s  may be d e te c te d  ex p erim en ta lly .

R efe ren ce ;

1 . MRAHI, H ., LIPKIN, H. J .  and MESHKOV, S . ,  Phys. Rev. L e t te r s ,  M .
845 (1965)

, . ( i )  *
Meson and Barvon Masses in  SU(6) Svmmetrv ; H. H a ra ri and H. J .  L ipk in

The q u e s tio n  o f d e r iv in g  mass form ulae fo r  th e  baryon and meson 

s u p e rm u ltip le ts  in  th e  SU(6) symmetry model i s  s tu d ie d . I t  i s  shown th a t  

the  ex p erim en ta l v a lu es  o f  meson and baiyon masses a r e  in  d isagreem ent 

w ith  th e  assum ption th a t  th e  mass s p l i t t i n g s  in  bo th  SU(6) su p e rm u ltip le ts  

a re  g iven  by th e  e x p e c ta tio n  v a lu es  o f th e  o p e ra to rs  hav ing  the same 

d e f in i te  tran s fo rm a tio n  p ro p e r t ie s  under SU(6). I t  i s  f u r th e r  argued 

th a t  sim ple ta d p o le - t3rpe symmetry b reak in g  mechanisms tend  to  g ive  a 

d e f in i te  l i n e a r  com bination o f SU(3) s in g le t  and o c te t  term s o f  th e  mass 

o p e ra to r , which transfo rm s l ik e  th e  405 re p re s e n ta tio n  o f SU(6), Hence 

such th e o r ie s  a re  n o t capab le  o f e jq )la in ing  th e  mass spectrum  o f th e  

lo w -ly in g  mesons and b ary o n s .

R eference:

1 . HARARI, H, and LIPKIN, H. j . , Phys, Rev. L e t te r s ,  2A, 570 (l965)

* Weizmann I n s t i tu te  o f S c ien ce , Rehovoth
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( l  2)E lec trom agnetic  I n te r a c t io n s  and th e  Subgroups o f SU(6) * : H. H arari

V arious s e t s  o f  r e la t io n s  concern ing  the  e lec trom agnetic  p ro p e r tie s  

o f  th e  c o n s ti tu e n ts  o f the SU(6) su p e rm u ltip le ts  were r e c e n tly  derived  

by v a rio u s  a u th o rs . A sy s tem a tic  dtudy o f  th e se  r e la t io n s  i s  p re sen te d , 

u s in g  subgroups o f SU(6) which a re  g e n e ra liz a tio n s  o f th e  U -spin  subgroup 

o f SU(3). I t  i s  shown th a t  two d i f f e r e n t  assum ptions on th e  tran sfo rm a tio n  

p ro p e r t ie s  o f th e  e lec tro m ag n e tic  c o n tr ib u tio n s  to  th e  p a r t i c l e  masses a re  

no t in  c o n tra d ic t io n  w ith  p re s e n t d a ta .

R eferen ces;

1 . HAHARI, H ., Phys. R ev ., 139, B1323 (l965)
2 . HARARI, H ., I s r a e l  AEG R eport U -1023  (l965)

I n t r i n s i c  Spin  and U (l2) Theorv^^^ : H. H arari

A com plete c l a s s i f i c a t i o n  o f  a l l  th e  p o ss ib le  sp in  s ta t e s  o f a 

system  o f any number o f quarks and a n ti-q u a rk s  w ith in  th e  framework o f 

U (l2 ) i s  p re se n te d . A one-to -one  correspondence i s  shown to  e x is t  between 

a l l  f i n i t e  i r r e d u c ib le  re p re s e n ta tio n s  b f  U (l2) and th e  p a i r  o f  numbers 

(N, j ) where N i s  th e  t o t a l  number o f  b a s ic  sp in o rs  in  a  system w ith  

a  g iven  t o t a l  sp in  J .  A s e t  o f Sp(4) s e le c t io n  ru le s  which a re  v a lid  

in  any U (l2) in v a r ia n t  th eo ry  i s  d e riv e d .

R eferen ce;

1 . HARARI, H ,, Phys. Rev. L e t te r s ,  1^., 1100 (l965)

Experim ental T es ts  o f Broken U (l2) and Approximate U(6) x U(6) ;

H. H a ra ri and H. J .  L ipk in

I t  i s  shown th a t  p re d ic tio n s  based on c e r ta in  subgroups o f U (l2) 

remain v a l id  bo th  in  broken U (l2) ( to  a l l  o rd e rs  in  k in e to n s  and sim ple 

d e r iv a tiv e  coup ling ) and in  th e  Dashen Gell-Mann n o n -c h ira l U(6) x U(6)

* Weizmann I n s t itu te  o f S c ien ce , Rehovoth
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approxim ate symmetry. Examples a re  a ls o  g iven  o f new p re d ic tio n s  which 

fo llo w  from th e  W -spin c o l l in e a r  subgroup.

R e fe re n ce :

1 . HARARI, H. and LIPKIN, H. J , , Phys. Rev. ( in  p re s s )

( l )  *A lg eb ra ic  A spects o f Regge R ecurrences ; B. GJotsman and Y. Ne'eman

The a lg e b ra ic  s t r u c tu r e  o f  Regge recu rren c es  i s  examined and i t s  

r e l a t i o n  to  symmetry schemes u n d erly in g  v a rio u s  models i s  e s ta b lis h e d .

The r e la t io n s h ip s  between Spectrum G enerating  A lgebras (S .G .A .) and the  

Regge non-compact su b -a lg eb ra s  a re  d iscu ssed  fo r  th e  Coulomb p o te n t ia l ,  

th e  th ree -d im en sio n a l o s c i l l a t o r ,  th e  s ig n a tu re  which appears in  exchange 

p o te n t i a l s ,  a s  w ell as f o r  the  U (5,6) symmetry o f hadron p h y s ic s .

R efe ren ce ;

1. GOTSMAN, E. and NE'EMAN, Y ., Math. Phys. ( in  p re s s )

( l )  *T h re e -P a r t ic le  F in a l  S ta te s  and U n ita rv  Svmmetrv I.M . B ar-N ir and H .H arari

A la rg e  niomber o f new p re d ic tio n s  o f SU(3) a re  derived  fo r  p rocesses  

w ith  th re e  ou tgo ing  p a r t i c l e s .  A ll  th e  re a c tio n s  t r e a te d  invo lve s c a t t e r in g  

o f charged p a r t i c l e s  on p ro to n s , w ith  no more than one n e u tra l  p a r t i c l e  in  

th e  f in a l  s t a t e .  They can a l l  be measured by th e  p re se n t experim ental 

te c h n iq u e s . A d e ta i le d  com parison between the a v a i la b le  d a ta  and th e  

p re d ic t io n s  i s  p re se n te d . In  a few c a se s , disagreem ent i s  found, b u t when 

we allow  symmetry b reak in g  c o n tr ib u tio n s  w ith in  th e  m atrix  elem ents which 

d e sc r ib e  th e  p ro cesses  the  d a ta  a r e  alw ays c o n s is te n t w ith  the  p re d ic t io n s .

The g en e ra l problem of com paring th e  p re d ic tio n s  o f a broken sjmimetry w ith  

s c a t t e r in g  d a ta  i s  d isc u sse d  and v a r io u s  p o s s i b i l i t i e s  f o r  perform ing such 

com parisons a re  suggested .

R eferen ce ;

1 . BAR-NIR, I . M. and HAHARI, H. ,  P hys. Rev. ( in  p r e s s )

* P hysics D epartm ent, Tel Aviv U n iv e rs ity
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2. R E A C T O R  P H Y S I C S

One-Dimensional M ultigroup P e r tu rb a tio n  Codes : M. Lemanska and S, Y if ta h

( 1 2 )The PERTR ’ code was adapted to  so lve  the  m a te r ia l  replacem ent 

problem fo r  ZPR -III assem b lies  and fo r  th e  f a s t ,  sm all, c r i t i c a l  assem blies  

Je z e b e l, Godiva and Topsy. The r e s u l t s  o b ta in ed  fo r  th e  c e n t r a l  and non­

c e n t r a l  r e a c t iv i t y  c o n tr ib u tio n s  o f  v a r io u s  samples were compared w ith  the  

experim en ta l v a lu e s . In  a d d i t io n , th e  r e a c t iv i t y  c o e f f ic ie n t s  were computed
(3 4 )and th e  r e s u l t s  compared w ith  th e  experim en ta l d a ta  ’ and w ith  the

(5v a lu es  computed by o th e r  in v e s t ig a to r s  ’ . The dependence o f  the  computed

r e s u l t s  on th e  in te r v a l  d iv is io n  in  the  p e r tu rb in g  sample and on the  change 

o f th e  f lu x e s  r e s u l t in g  from th e  p resence o f  th e  sample were co n sid ered .

A com parison was made between th e  p e r tu rb a tio n  method and the  d i r e c t  

method fo r  t r e a t in g  th e  c e n t r a l  r e a c t iv i t y  c o n tr ib u tio n  problem .

The PBRDIP^^^ code was adapted to  compute the  Doppler e f f e c t  f o r  

la rg e  f a s t  b re e d e r  power r e a c to r s .  The r e s u l t s  were compared w ith  those  

g iven  by th e  d if fu s io n  code.

R e fe re n ces!

1 . LEMANSKA, M., and YIPTAH, S . ,  I s r a e l  AEG Semi-Annual R eport Jan .-J im e  
1964, IA-984, p .  34.

2 . LEMANl^A, M. and YIPTAH, S .,  I s r a e l  ABC Semi-Annual R eport Ju ly -D ee ., 
U -1 0 2 1 , p . 17 .

3 . LANG, J .K .,  LOEVENSTEIN, W.B., BRANYAN, L .E ., BRUNSON, G .S ., KIVU, P .S .,  
OKRANT, D ., RICE, R .E. and THALGOTT, P.W ., P a s t Neutron Power R eacto r 
S tu d ie s  w ith  ZPR-III a/CONP.15/6 /598 , Ju ly  1958.

4 . ENGLE, L .B ., HANSEN, G.E. and PAXTON, H .C ., N ucl. S c i.  and Eng. 8 , 543
( i960).

5 . HANSEN, G.E. and MAIER, C l . ,  N ucl. S c i .  and Eng. 8 , 532 ( i9 6 0 ) .

6. DAVEY, W.G., A Comparison o f  E xperim ental and C a lcu la ted  Prompt Neutron
L ife tim es  and C e n tra l R e a c tiv ity  C o e ff ic ie n ts  in  ZPR -III A ssem blies and 
t h e i r  R e la tio n sh ip  to  o th e r  R eac to r P a ram e te rs . ANL-6682, June 1963.
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Fundamentals o f  F a s t R eac to r C a lc u la tio n s  ; M. Segev and S . Y iftah

A com plete g ro u p -d iffu s io n  th eo ry  was developed fo r  th e  c a lc u la t io n  

o f  f a s t  r e a c to r s .  The main f e a tu re s  a re  s e t  ou t below.

a ) The P-ĵ  approxim ation  f o r  th e  Boltzman equation  i s  fo rm ally , and w ithou t 

any p h y s ic a l assum ptions, reduced to  group eq u a tio n s  and group c ro ss  s e c tio n s .

b) The ex ac t meaning o f  f lu x  s e p a ra tio n  ( in to  energy and s p a t i a l  p a r ts )  f o r  

r e a c to r  c a lc u la t io n s  i s  e lu c id a te d .

c) I t  i s  shown th a t  a l l  (n o t on ly  th e  t r a n s p o r t)  e f f e c t iv e  g ro u p -d iffu s io n  

c ro s s  s e c tio n s  a re  h ig h e r  ( ty p ic a l ly  by 3-5^) than  th e  co rresponding  e f f e c t iv e  

g ro u p -p h y sica l ones.

d) Approximate formulae are  d e riv e d  f o r  th e  in te rg ro u p  t r a n s f e r  param eters 

in  e l a s t i c  s c a t t e r in g .  These a re  sim ple to  apply  and fo r  A ^  10 y ie ld  

v a lu es  which a re  w ith in  1^ o f  th e  ex ac t ones.

e )  A theorem i s  proved which shows "P lacek  o s c i l la t io n s "  in  the c o l l i s io n  

d e n s ity  f o r  e l a s t i c  slowing-down in  any m oderator (ex c lu d in g  H) w ith  any 

ab so rp tio n  and s c a t t e r in g  law s.

f )  The asym pto tic  slowing-down eq u a tio n  i s  expanded in  "slowing-down" 

moments. T his expansion d e sc r ib e s  v a r io u s  problem s such as an iso tro p y  o f 

s c a t t e r in g  and s c a t t e r in g  in  m ix tu re s .

g) Simple a n a ly t ic a l  forms a re  d e riv e d  fo r  the s o lu tio n  o f  th e  slowing-down 

eq u a tio n  f o r  ty p ic a l  homogeneous f a s t  r e a c to r  m ix tu re s . These s o lu tio n s  

take  in to  account th e  com plica ted  n a tu re  o f  slowing-down such as the  narrow 

and dense resonances o f  heavy e lem en ts; th e  resonances o f s t r u c tu r a l  elem ents 

and th e  m ix tu res  o f  s e v e ra l e lem en ts.

h) The above a n a ly t ic a l  form ulae f o r  th e  f lu x  were compared w ith  a  num erical

s o lu tio n  o f  th e  slowing-down eq u a tio n  coded fo r  th e  P h ilco -2000 . The

com parisons show a  very  good agreem ents between th e  r e s u l t s .  A f u l l  re p o r t

i s  be ing  w r i t t e n .
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C o llis io n  D ensity  f o r  T yp ica l F a s t R eacto r C onditions : M. Seger and S. Y iftah

A sea rch  f o r  a n a ly t ic a l  s o lu tio n s  o f  the  slowing-down eq u a tio n  under 

f a s t  r e a c to r  c o n d itio n s  was m otivated  by th e  fo llo w in g  c o n s id e ra tio n s .

a) In  c a lc u la t in g  e f f e c t iv e  c ro s s  s e c tio n s ,  a  co n s tan t c o l l i s io n  d e n s ity  

i s  assumed. D isreg a rd in g  ab so rp tio n  th i s  assum ption i s  v a l id  fo r  heavy 

iso to p e  resonances which a re  m ostly  narrow resonances (N .R .). The f lu x  

decay tow ards low er e n e rg ie s , caused by a b so rp tio n , i s  to  a  c e r ta in  e x te n t 

taken  in to  account by av erag in g  th e  e f f e c t iv e  c ro ss  s e c tio n s  over some 

g ro ss  behav iour o f  th e  f lu x  between th e  group l im i t s .  However such a  f ix e d  

behav iour cannot account f o r  changes in  th e  r a t e  o f decay due to  changes

in  th e  r e l a t i v e  amount o f  a b so rb e rs .

b) N e ith e r  narrow resonance (N .R .) no r wide resonance (W.R.) techn iques 

app ly  to  resonances o f  th e  l i g h t e r  e lem ents such as Pe, Na, 0 , C. The 

Elmoe Code f in d s  th e  f lu x  in  such cases  by i t e r a t i o n s ,  th rough hundreds o f 

g roups. I t  i s  an invo lved  techn ique s in ce  any change in  th e  r e l a t iv e  amount 

o f  th e  l i g h t  elem ents c a l l s  f o r  a  r e c a lc u la t io n  o f  th e  f lu x  and hence o f  th e  

"co arse"  ( i . e .  u s u a l)  group c ro ss  s e c t io n s .  Also th e  la c k  o f  an e x p l i c i t  

r e l a t io n  between th e  amount o f  l i g h t  e lem en ts and th e  f lu x  i s  a  d isad v an tag e .

c) An a n a ly t ic a l  knowledge Of th e  / c o l l i s i o n  d e n s ity  in  a

f a s t  r e a c to r  w i l l  en ab le  one to  c a lc u la te  group c ro ss  s e c tio n s  f o r  w ider, 

and hence l e s s ,  groups th an  u s u a l,  th u s  red u c in g  th e  tim e f o r  a c r i t i c a l i t y  

com putation . This i s  p a r t i c u la r ly  im p o rtan t f o r  tw o-dim ensional c a lc u la t io n s .

A l a t e r  r e p o r t  w i l l  d e sc r ib e  in  d e t a i l  the  s te p s  le a d in g  to  £in 

approxim ate and sim ple a n a ly t ic a l  s o lu tio n  o f  the  slowing-down eq u a tio n  

under f a s t  r e a c to r  c o n d itio n s . This s o lu tio n  depends e x p l i c i t l y  on the  

r e l a t i v e  amoiints o f  each iso to p e  in  th e  m ix tu re , on th e  iso to p e  masses 

and on th e  energy-dependent c ro s s  s e c t io n s .  I t  does n o t depend on any th in g  

e l s e ;  in  p a r t i c u la r ,  no i t e r a t i o n s  a re  in v o lv e d . I t  th u s  d e sc r ib e s  in  

an a n a ly t ic  way th e  f lu x  decay caused by ab so rp tio n  and th e  f lu x  d ep re ss io n s  

under l ig h t-e le m e n t re so n an ces .
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I t  i s  found th a t ,  in  the  energy  range o f f a s t  r e a c to rs  and fo r  

ty p ic a l  m ix tu re s , the  c o l l i s io n  d e n s ity  under a s c a t te r in g  resonance o f a 

heavy iso to p e  i s  q u ite  c o n s ta n t . Under a sjnm netrical resonance o f a l ig h t  

o r  s t r u c t u r a l  elem ent i t  i s  dep ressed  in  an asym m etrical way. Such asym­

m e tr ie s  were found and es tim a ted  in  an i t e r a t i v e  way by G oldstein^^^ fo r  

in te rm e d ia te  resonances ( l . R . ) .

F or th e  sake of com parison and check ing , a num erical s o lu tio n  to  

th e  slowing-down e q m tio n  was coded fo r  th e  Philco-2000  and run f o r  se v e ra l 

t 3rp ic a l m ix tu re s . The a n a ly t ic  s o lu tio n  was found to  g ive a  good es tim a te  

o f  th e  f lu x  and a v ery  good e s tim a te  o f  e f f e c t iv e  c ro ss  s e c tio n s .

R efe ren ce :

1. GOLDSTEIN, R ., N ucl. S c i .  and Eng. 12, 359 ( 1964)

Sodium Void and D oppler E f fe c ts  in  Large F a s t Power R eac to rs^^^ : S . Y ifta h , 

L. G i t t e r  and Y, Ilam ed

C a lc u la tio n s  were made in  o rd e r to  s tu d y  th e  sodium void  and 

D oppler e f f e c t s  in  a s e r ie s  o f f a s t  r e a c to r s  which d i f f e r  in  core volume, 

is o to p ic  co n ten t ( ty p e ) o f Pu f u e l ,  and chem ical com position o f fu e l  

(m e ta l, ox ide , c a rb id e ) .  The sodium vo id  and Doppler e f f e c t s  were ob ta ined  

from c r i t i c a l i t y  f a c to r s  computed f o r  486 s p h e r ic a l  system s. D e ta ils  o f 

the com putations and r e s u l t s  a re  g iven  in  r e f . l .  S ince th e  c a lc u la t io n s  

were undertaken  in  connec tion  w ith  p a ram etric  s tu d ie s ,  the  com putational 

r e s u l t s  were ana ly sed  to  f in d  a n a ly t ic a l  ex p ress io n s  u s e fu l fo r  th ese  

s tu d ie s .  The fo llo w in g  co n c lu sio n s  were drawn.

F o r a g iven  r e a c to r  th e  sodium v o id  e f f e c t  a t  normal tem peratu re , 

a s  a  f im c tio n  o f sodium leaJcage, i s  d e sc r ib e d  to  a good approxim ation by 

a  p a rab o la  w ith  n eg a tiv e  c u rv a tu re . Three c r i t i c a l i t y  f a c to r  c a lc u la tio n s  

a re  enough to  o b ta in  th e  param eters  o f the  p a rab o la .
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For a  p a r t i c u la r  com position  and type o f f u e l ,  th e  param eters o f  th e  

p a rab o la  a re  fu n c tio n s  o f  th e  core volume. U sing th e  param eters o b ta in ed , 

th e  sodium void e f f e c t  f o r  any volume can be c a lc u la te d  by in te r p o la t io n .

The sodium void  e f f e c t  fo r  any i n i t i a l  sodium co n ten t can be 

c a lc u la te d  a s  a  sim ple d if f e re n c e ,  i f  th e  sodium void e f f e c t  v s . leakage  

i s  known f o r  one i n i t i a l  sodium c o n te n t. For any g iven leakage th e  e f f e c t  

i s  more n e g a tiv e  fo r  low er i n i t i a l  sodium c o n te n t.

The concept o f  " s ta t io n a ry  volume" can be d e fin e d  as th e  volume 

fo r  which any change in  sodium d e n s ity  (leak ag e  o r a d d itio n  o f  sodium) w il l  

have a n eg a tiv e  e f f e c t  on th e  r e a c t i v i t y  o f  th e  r e a c to r .  The s ta t io n a ry  

volxime fo r  any i n i t i a l  sodixim co n ten t can be re a d  d i r e c t ly  from th e  graph 

o f  ( th e  leakage  fo r  which th e  sodium void e f f e c t  i s  maximal) v s , volume, 

as  ob ta in ed  fo r  one i n i t i a l  sodium c o n te n t.  S ta t io n a ry  volumes in c re a se  

w ith  d ecrease  o f  i n i t i a l  sodium c o n te n t.

For any g iven  assem bly a t  any tem peratu re  th e  sodium void  e f f e c t  

becomes more p o s i t iv e  as  th e  volume in c re a s e s .  The s ta t io n a ry  voliime i s  

the  maximal volume fo r  which th e  sodium void  e f f e c t  i s  n o n -p o s itiv e  a t  any 

leakage a t  normal te m p era ttire . For any leak ag e  th e  n eg a tiv e  Doppler e f f e c t  

in c re a s e s  w ith  volume. For a g iven  volume th e  Doppler e f f e c t  does n o t 

change much w ith  sodium leak ag e .

With r e s p e c t  to  com position  o f  fu e l  i t  appears th a t  th e  oxide fu e ls  

have th e  most n e g a tiv e  sodium vo id  e f f e c t  and consequen tly  th e  l a r g e s t  

s ta t io n a ry  volum es. For la rg e  volumes w ith  a  g iven  sodium co n ten t the  

D oppler e f f e c t  i s  a lso  most n e g a tiv e  fo r  oxide a ssem b lie s .

With r e s p e c t  to  fu e l  ty p e , th e  p resence o f  g r e a te r  am om ts o f  th e  

h ig h e r iso to p e s  causes a more n e g a tiv e  sodiiun vo id  e f f e c t  and th u s  the  

co rrespond ing  s ta t io n a r y  volume i s  l a r g e r .  The p resence o f  h ig h e r is o to p e s  

a lso  causes a  more n e g a tiv e  D oppler e f f e c t  f o r  any p a r t i c u la r  sodium 

c o n te n t.
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Thus oxide assem blies  allow  fo r  th e  la rg e s t  r e a c to r s  w ith  

combined n o n -p o s itiv e  r e a c t iv i t y  e f f e c t s ,  and th e  change in  th e  is o to p ic  

com position o f  th e  fu e l  o c c u rr in g  d u rin g  o p e ra tio n  w il l  n o t a f f e c t  th is  

s a fe ty  c h a r a c te r i s t i c  o f  th e  r e a c to r  un favourab ly .

R e fe re n ce ;

1 . YIPTAH, S .,  GITTER, L. and ILAMED, Y ., I s r a e l  AEG R eport, IA-1057, 
(1965)

E f fe c t  o f  Changes in  Cross S ec tio n  Increm ents on th e  T o ta l Doppler E ffe c t 

in  F a s t R eac to rs  : S. Y if ta h , L. G i t t e r  and Y. Ilamed

¥e r e c e n t ly  c a lc u la te d  th e  D oppler e f f e c t  in  la rg e  f a s t  r e a c to r s ^ ^ \  

The c ro s s  s e c tio n  increm ents which e n te r  in to  th e se  c a lc u la t io n s  a re  

a f fe c te d  by many complex f a c to r s ,  and i t  i s  p o ss ib le  th a t  some o f  th e se  

may have been in a d e q u a te ly  taken  in to  account.

In  o rd e r to  o b ta in  a  b e t t e r  u n d ers tan d in g  o f th e  dependence o f  th e  

change in  c r i t i c a l i t y  f a c to r ,  A c / c  , on th e  increm ents o f  th e  c ro ss  s e c tio n s .  

Act > c r i t i c a l i t y  changes were computed fo r  a number o f  system s, w ith  

s e v e ra l d i f f e r e n t  reaso n ab le  s e t s  o f  A ct fo r  each system . The v a rio u s  

s e ts  o f  Act were computed by Dr. G. Shaviv by s im p lif ie d  Doppler c a lc u la ­

t io n s ,  ta k in g  in to  account e f f e c t s  th a t  had p rev io u s ly  been n e g le c te d . 

Com putations were a lso  c a r r ie d  ou t fo r  increm ents equal to  h a l f  th e  g iven 

increm en ts Act ; in  a d d itio n  th e  D oppler e f f e c t  fo r  each energy group 

( " lo c a l"  e f f e c t s )  were c a lc u la te d .

The fo llo w in g  conc lu sio n s seem to  be w arran ted  from in sp e c tio n  

o f  th e  computed r e a c t i v i t i e s  and f lu x  in te g r a l s  o f  th e  system s:

( i )  In  g e n e ra l, in  the range o f  v a r ia t io n  o f  Act co n sid ered , i . e .  fo r

"sm all"  Act (Act «  cr) > th e  D oppler c o e f f ic ie n t  i s  a d d itiv e  in  Act :

f -  = CT A '" a >  ^
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F or in c re a s in g  Act th e  D oppler c o e f f i c ie n t  becomes su b a d d itiv e :

p < CT * CT < V f' *2°-a>

( i i )  The c o n tr ib u tio n  to  th e  D oppler e f f e c t  from n eu tro n s o f  th e  low est 

energy groups i s  sm all in  m etal a ssem b lie s , and h igh  in  ca rb id e  and 

oxide assem b lie s , th e  c o n tr ib u tio n  be in g  h ig h e r in  oxide than  in  

c a rb id e  a ssem b lie s . This i s  a p p a re n tly  due to  th e  d if fe re n c e  in  th e  

f lu x  d i s t r i b u t io n .  In  m etal a ssem b lies  th e re  i s  a r e l a t i v e ly  sm all 

f lu x  in  th e  low est energy group where th e  in c re a s e  in  c ro s s  s e c tio n  

i s  r e l a t i v e ly  h ig h , w h ile  in  c a rb id e  and oxide system s th e re  i s  a 

marked s h i f t  toward low er e n e rg ie s .

( i i i )  The c o n tr ib u tio n  to  th e  Doppler e f f e c t  from the low est energy group 

d ec reases  w ith  th e  sodium le ak ag e . T his ag a in  seems to  be due to  

th e  s h i f t  o f  th e  spectrum  o f  th e  f lu x  tow ards h ig h e r e n e rg ie s  w ith  

th e  leakage o f  sodium.

A d e ta i le d  r e p o r t  w ith  ta b le s  o f  th e  computed r e s u l t s  i s  in

p re p a ra tio n .

R e fe re n c e s :

1 . YIPTAH, S .,  GITTEK, L. and ILAMED, Y ., I s r a e l  AEG R eport IA-1057 (l965)

R e su lts  o f  D oppler C o e ff ic ie n t C a lc u la tio n s  fo r  F a s t R eac to rs  and Comparison 

o f  D if fe re n t  M e t h o d s : P a r t  I  by R. F ro e lich * *  and K. O tt * * ,  P a r t  I I

by G. Shaviv and S. Y if ta h

Doppler c o e f f i c ie n t s  o f  d i l u te  f a s t  r e a c to r s  were c a lc u la te d  by th e  

su ccess iv e  k method and by p e r tu rb a tio n  th e o ry . The r e s u l t s  o b ta in ed  by th e  

two methods were compared and d iscu ssed  in  d e t a i l  over th e  tem pera tu re  range

* This work was supported  in  p a r t  by th e  K em forschungszentrum  K arls ru h e  -  
Euratom A sso c ia tio n  on F a s t R eac to rs

K em forschtm gszentrum  K arlsru h e
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o f i n t e r e s t .  The Doppler c o e f f ic ie n t  du ring  excu rsions was t r e a te d  by- 

ta k in g  in to  account the  space d i s t r i b u t io n  o f  the  a d d itio n a l energy 

r e le a s e  and th e  dynamic s p e c tra  fo r  reaso n ab le  asjnnptotic p e rio d s .

R eferen ce ;

1. PROELICH, R ., OTT, K ., SHAVIV, G. and YIPTAH, S .,  Paper P resen ted  a t  
I n te rn a t io n a l  Conference on S a fe ty , F uels  and Core Design in  Large 
F a s t Power R e a c to rs , Argonne, O ctober 11-13, 1965

E ffe c t o f  Pu I s o to n ic  Com position on th e  Doppler C o e ff ic ie n t in  F a s t 

R eac to rs  : G. Shaviv and S. Y ifta h

The e f f e c t  o f th e  plutonium  is o to p ic  com position on th e  Doppler 

c o e f f ic ie n t  was examined in  f a s t  r e a c to r s  having d i f f e r e n t  chem ical 

com positions of th e  fu e l  and d i f f e r e n t  core volumes. I t  was found th a t  

fo r  a  g iven  co re  volume and chem ical com position the  ab so lu te  va lue  o f 

th e  D oppler c o e f f ic ie n t  in c re a se s  w ith  in c re a se  in  the  amount o f  h igh
/  240  241 242splutonium  iso to p e s  (Pu , Pu and Pu ; .

Monte C arlo  In v e s tig a tio n  o f  th e  H eterogeneity  o f F as t R eactor Cores :

G. Sha-viv and S. Y ifta h

In  a  r e a c to r  th e  e f f e c t iv e  c ro s s  se c tio n  fo r  a re a c tio n  over a 

g iven energy group i s  u s u a lly  d e fin ed  as  th a t  value  which when m u ltip l ie d  

by th e  group f lu x  g iv es  th e  re a c tio n  r a t e  in  th e  group under c o n s id e ra tio n . 

Thus fo r  th e  energy group between and

®g+l

E
^   ( 1)M- =

®g+l

/ <t>dE 

E
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Eq. ( l )  can be w r i t te n  in  th e  form

E

/
g+1

^ d E
E t

= E _ (2)
g+1

I
F—  dE

Eg
U sing eq . (2 ) e f f e c t iv e  c ro s s  s e c tio n s  were c a lc u la te d  by means o f  a

Monte C arlo code adap ted  from th e  NYU program which c a lc u la te s  resonance

caplnire in  therm al r e a c t o r s T h i s  method i s  based on th e  f a c t  th a t  th e

c o l l i s io n s  reco rded  in  a Monte C arlo h is to r y  in  an elem ent R o f  phase space

(volume, energy , d ir e c t io n )  g ive  an e s tim a te  o f  the  c o l l i s io n  d e n s ity  
\

in te g ra te d  over R. C onsequently , a p p ro p ria te  summations o f  / |j^) and

( l / | i  ) a t  th e se  c o l l i s io n s  p rov ide e s tim a te s  o f  th e  r e a c tio n  r a t e s  and the  

in te g ra te d  f lu x  over R, which a re  the  term s re q u ire d  to  ev a lu a te  equ a tio n  (2 ) .

The Monte C arlo r e s u l t s  fo r  a ty p ic a l  f a s t  r e a c to r  l a t t i c e  confirm  

th e  f a c t  th a t  co re  h e te ro g e n e ity  has only  a  s l i g h t  in f lu e n c e  on th e  e f f e c t iv e  

group c ro s s  s e c tio n s  in  f a s t  r e a c to r s .  In  the  c a lc u la t io n s  a n\imber o f  

e f f e c t s  which a re  norm ally  ignored  in  a n a ly t ic a l  s tu d ie s  o f  t h i s  problem 

were in c lu d ed . The s t a t i s t i c a l  in a c c u ra c ie s  in h e re n t in  th e  Monte Carlo 

method a re  sm all enough n o t to  in v a l id a te  the  g en era l conclu sions reached .

R eferen ce ;

1 . RICHTMYER, R. D ., VAN-NORTON, R. and WOLFE, A ., The Monte Carlo
C a lc u la tio n  o f  Resonance Capt\ire in  R eac to r L a t t i c e s ,  P roc. 2nd UN Conf. 
Geneva 16, 180 (l958)

Monte C arlo In v e s tig a tio n  o f  th e  In te r a c t io n  between th e  Resonances o f  

F e r t i l e  and F i s s i l e  Iso to p es  in  F a s t R eac to r Cores : G. Shaviv and S. Y if ta h

The problem o f  th e  in te r a c t io n  between th e  resonances o f  th e  f e r t i l e  

and f i s s i l e  iso to p e s  in  f a s t  r e a c to r  co res  and i t s  in f lu e n c e  on th e  e f f e c t iv e  

and group e f f e c t iv e  c ro ss  s e c tio n s  has been t r e a te d  a n a ly t ic a l ly  by v a rio u s
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( l  2)au th o rs  . In  a l l  a n a ly t ic  methods th e  s im p lify in g  assiim ption i s  made 

th a t  th e  t o t a l  c o l l i s io n  d e n s ity  i s  c o n s ta n t. This assum ption i s  g e n e ra lly  

a  good approxim ation  f o r  a  s in g le  resonance which i s  narrow compared w ith  

th e  energy d e g rad a tio n  o c c u rrin g  in  th e  c o l l is io n s  o f  a neu tron  w ith  th e  

atoms o f th e  mediixm. However f lu c tu a t io n s  in  th e  t o t a l  c o l l i s io n  d e n s ity  

may a r i s e  due to  in te r a c t io n  between resonance sequences belong ing  to  

d i f f e r e n t  is o to p e s .  The aim o f  th i s  work was to  see  w hether th e se  

f lu c tu a t io n s  have any e f f e c t  on th e  in te r a c t io n  between th e  resonances 

o f  th e  f e r t i l e  and f i s s i l e  iso to p e s  in  f a s t  r e a c to r s .

The e f f e c t iv e  c ro s s  s e c tio n s  were c a lc u la te d  by the  Monte Carlo

method, in  which i t  i s  n o t n ece ssa ry  to  assume th a t  th e  t o t a l  c o l l i s io n

d e n s ity  i s  c o n s ta n t over th e  re so n an ce . Table 6 summarizes the  r e s u l t s

o b ta in ed  fo r  th e  e f f e c t iv e  c ro ss  s e c tio n  o f Pu a t  two en e rg ies  and two
238te m p era tu res . I t  can be seen  th a t  th e  e f f e c t  o f  th e  resonances o f  TJ

239on th o se  o f Pu i s  to  reduce th e  e f f e c t iv e  a b so rp tio n  and f i s s io n  c ro ss  

s e c tio n s  by a few per c e n t .  The r e s u l t s  a re  in  good g en era l agreement w ith  

th o se  ob ta in ed  by Codd and C ollins^^^  who used d i f f e r e n t  c o n d itio n s  and 

e n e rg ie s . T his shows th a t  th e  assxamption o f  co n s tan t c o l l i s io n  d e n s ity  

i s  adequate  fo r  the  s i tu a t io n  d isc u sse d  h e re .

TABLE 6
238 239E ffe c t o f  th e  in te r a c t io n  between th e  U and Pu 

resonances  on th e  e f f e c t iv e  c ro ss  s e c tio n  o f  Pu^^^

E

(keV)

T

(°K)

E f fe c tiv e  c ro ss  s e c tio n  fo r  
f i s s io n  (Permi)

E ffe c tiv e  c ro ss  s e c tio n  fo r  
ab so rp tio n  (Perm i)

w ithou t
resonances

w ith
resonances

w ithout
resonances

w ith
resonances

4-5
300

1500

2 .179 t0 .0034

2.241±0.0G28

2.043±0.0029

2.087±C,0031

1 .2 1 ^ 0 .0 0 1 7

1.247±0.0014

lol67±0.0015

1.197±0.0015

9-10
300

1500

2 .29L t0.0034

2.327±0o0030

2 . 03^ 0.0037

2.054±0.0032

0.7792t0.0017

0.7868h0.0015

0.765Q t0.00l6

0.7711±0.0016



-  42 -

The la rg e  e r r o r s  in h e re n t in  the  Monte Carlo method p rev en t any 

d e f in i te  conclusions w ith  reg ard  to  the  tem peratu re  v a r ia t io n  o f the  

e f f e c t  s tu d ie d . An in v e s t ig a t io n  o f th e  tem peratu re e f f e c t  must aw ait 

th e  com p ila tio n  o f a  Monte C arlo code aimed s p e c i f i c a l ly  a t  the  study  

o f tem peratu re  v a r ia t io n s .

R efe ren ces!

1. CODD, J .  and COLLINS, P . J . ,  Some C a lc u la tio n s  Concerning the  In flu en ce  
o f  Resonance O verlapping on th e  D oppler E f fe c t  in  a  D ilu te  P a s t R eacto r, 
P roc . o f th e  Conf. on B reeding, Economics and S a fe ty  in  Large F ast 
Power R eac to rs , O ct. 7 -10 , 1963, ANL-6792.

2. HWANG, R .N ., An Improved Method o f  D oppler E ffe c t C a lc u la tio n  f o r  
F i s s i l e  M a te r ia ls  in  th e  In te rm ed ia te  Energy Region, ib id .
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3. N U C L E A R  P H Y S I C S

During the p a s t  y e a r  th re e  new experim ents have been in s ta l le d  in

Beam Tube 1 o f  th e  IRR-1 r e a c to r .  Two o f them -  cap tu re  gamma ray

sp ec tro sco p y , and M dssbauer s tu d ie s  w ith  cap tu re  gamma ray s  -  u se  the

newly com pleted e x te rn a l n eu tro n  beam (see  p . 3 12 ). The th i rd  experim ent

u t i l i s e s  a  r a d io a c tiv e  gas loop , th e  gas being  i r r a d ia te d  a t  the  core face ,

f o r  f lu o re sce n ce  gamma s c a t t e r in g  experim ents. MBssbauer s tu d ie s  d u ring
129th e  y e a r  have been cen te red  on th e  use o f  I  to  in v e s t ig a te  th e  s t ru c tu re

o f m o lecu la r c r y s ta l s ,  and on th e  study  o f phase t r a n s i t io n s  in  f e r r o -
129e l e c t r i c  m a te r ia ls .  The Mflssbauer so u rce , 70 min Te , i s  p repared  in  

th e  r e a c to r .  The range o f th e  low tem peratu re MBssbauer experim ents has 

re c e n tly  been extended by a c q u ir in g  a Cryo-Tip open cycle  Joule-Thompson 

c ry o s ta t ,  u s in g  commercial hydrogen.

Resonant S c a t te r in g ; G. Ben-David, B. Arad, Y. S ch le s in g e r

( l )  Resonant S c a t te r in g  from H ighlv E x c ited  N uclear Levels

The f i f t y  resonance le v e ls  so f a r  d iscovered  were re-exam ined, and

the e f f e c t iv e  c ro ss  s e c tio n s  ev a lu a te d  more p re c is e ly ,  making use o f

improved s t a b i l i t y  o f  th e  e le c t ro n ic  equipm ent, and more accu ra te  methods o f

c a lc u la t io n .  The r e s u l t s  have been subm itted  f o r  p u b lic a tio n ^ ^ ^ . I t  may

be p o s s ib le  to  achieve a  la rg e  in c re a s e  in  the  number o f m easurable

resonances by in c re a s in g  th e  f lu x  o f  gammas and u s in g  d e te c to rs  o f  h ig h e r

r e s o lu t io n .  A b r i e f  summeury o f the  r e s u l t s  was p resen ted  a t  the  Antwerp
( 2 )conference on n u c le a r  s t r u c tu re
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( l l )  Measurement o f the  7 .64  MeV Level in  T1 by S e lf-A b so rp tio n  Technique

The s tro n g  resonance observed fo r  th e  7 .64  MeV le v e l  in  T1

p e rm itted  measurement o f the  le v e l  w id th  u s in g  the s e lf -a b s o rp tio n  method.

For a  ta rg e t  th ic k n e ss  o f 3 .81 g/cm , and re so n an t and n o n -resonan t
2abso rb er th icknesses of 14.85 g/cm each, th e  s e lf -a b s o rp tio n  c o e f f ic ie n t  

was re-m easured and a value  o f  0 .17  + '0 .2  o b ta in e d . Making use o f  the 

known tem peratu re  dependence o f th e  resonance , and the  measured e f f e c t iv e  

c ro ss  s e c tio n , th e  le v e l  w idth  was e s tim a ted  assuming th e  D oppler approx i­

m ation fo r  th e  c ro ss  s e c t io n .  A value o f  f / a g  s  0 .6  eV was o b ta in ed , 

where a i s  th e  n a tu ra l  abundance o f  th e  re so n an t iso to p e  and g the  r a t i o  

o f th e  sp in s  o f  th e  e x c ite d  and ground s t a t e s .  A ccurate com putation 

o f th e  c ro ss  s e c t io n  re q u ire s  th e  use o f  a  computer programme, which has 

J u s t  been com pleted (see n ex t p a rag rap h ).

( i l l )  E v a lu a tio n  o f  the Dop-pler I n te g r a l  i j j (x. t )  u s in g  Computer Methods

A ccurate a n a ly s is  and in te r p r e ta t io n  o f experim en ta l re so n an t

s c a t te r in g  d a ta  re q u ire s  c a lc u la t io n  o f th e  D oppler in t e g r a l  in  a  very

broad reg io n  o f  th e  param eters ( x , t ) .  The e x i s t in g  com pila tion  o f  th i s
( 3 )

fu n c tio n  does n o t cover th e  whole re g io n  re q u ire d . In  a d d itio n , the

D oppler and L o ren tz ian  approxim ations used in  th e  c a lc u la t io n s  can cause

la rg e  e r ro r s  i f  n o t ap p lied  s t r i c t l y  in  th e  a p p ro p ria te  reg io n s  o f x

and t .  I t  was found p o ss ib le  to  c a lc u la te  th e  in te g r a l  u s in g  a p a r t i c u la r ly
0

sim ple num erical p rocedure , to  an accuracy  as h ig h  as 1 in  10 , which i s  

f a r  b e t t e r  than  th e  accuracy  o f any p rev io u s co m pila tion  in  the  re q u ire d  

range o f p a ram ete rs . The su b -ro u tin e  PSI ( x , t )  i s  now be in g  used fo r  

g e n e ra l a n a ly s is  o f  th e  experim en tal d a ta ,a n d  w i l l  be d esc rib e d  in  an 

lA -re p o r t .  In  Table 7 the  v a lu es  ob ta in ed  f o r  the  ^//-fiinction a re  compared 

w ith  those  g iven  in  th e  p u b lish ed  ta b u la t io n s .
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TABLE 7

Comparison o f v a lu es  o f  th e  'i/^-function from d i f f e r e n t  ta b u la tio n s

p R ef.
X

0 .0 0 .1 1 .0 10.0 100.0

10"^
C

D

1.000000

.9999987
.990099

.99009853

.500000

.50000012

.009901

.009900990

.000010

.000009999

A .75783054 .75510317 .5401622 .01004972

1 .0
B .75957 .75684 .54082 .010049

C .757872 .755143 .540145 .010050 .000100

D .75787296 .75514314 .54014446 .01004971 .00010000499

A .017527 .017525 .017354 .006524

10^ C .017526 .017526 .017525 .017354 .006535

D .0175263108 .01752629 .0175245 .0173548 .00653508

10 '̂ D .00017722551 .0001772255 .0001772255 .00017722533 .00017720779

A -  Rose, M iranker, Leak, R osen tha l and H enriekson. WAPD.SR.506 
V ol. I  and I I  ( l9 5 4 ) .

B -  S eth  and Tabony. TID.21304 ( 1964) .
C -  Dandeu, G a u tie r , G u il le rn iu ,  O liv ie  and Roche. CEA.R2824 (l9 6 5 ). 
D -  P re se n t work.

(iV ) C oincidence Measurement o f  th e  7 .5 3  MeV Level in  T ellu rium

The complex s c a t te r e d  spectrum  fo\ind in  the  s c a t t e r in g  of Ni 

cap tu re  gaifima ra y s  from a  Te s c a t t e r e r  has been examined by a co incidence 

te ch n iq u e , i n  an a ttem p t to  id e n t i f y  th e  in e la s t i c  s c a t t e r in g  components. 

Both a  tw o-dim ensional p u lse  h e ig h t a n a ly se r  and a  one-dim ensional 

m u ltich an n e l a n a ly se r  g a ted  by th e  sum -coincidence p u lse  were used . The 

p re lim in a ry  r e s u l t s  a re  in  agreem ent w ith  the  assum ption th a t  in e l a s t i c  

s c a t t e r in g  g iv e s  r i s e  to  th e  6 .7  MeV and 5 .8  MeV components. A f u r th e r



_ 46 -

study  o f th i s  resonance , u s in g  li th iu m  d r i f t e d  germanium d e te c to r s ,  w i l l  

be perform ed to  e s ta b l is h  f i n a l l y  th e  i n e l a s t i c  energy le v e ls  and iso to p e s  

re sp o n s ib le  f o r  th e  resonance.

R efe re n ces :

1. BEN-MVID, G ., ARAD, B ., BALDBRMAN, J .  and SCHLESINGER, Y ., I s r a e l
ABC R eport IA-1050 (l9 6 5 ) and Phys. Review, A p r il  1966, ( in  p r e s s ) .

2 . BEN-DAVID, G ., ARAD, B ., BALDERMAN, J .  and SCHLESINGER, Y ., I n te rn .
Conf. on th e  S tudy o f  N uclear S tru c tu re  w ith  N eutrons, Antwerp, Belgium,
J u ly  1965.

3 . DANDEU, Y ., OLIVIE, G. and ROCHE, P . ,  Table de L 'in te g r a le  ^  (P»x),
Rapport No. 43 b i s .  S ec tio n  A ut. de C alcu l E le c t r .

23
Measurement o f th e  Mean L ife  o f  th e  F i r s t  and Second E xcited  S ta te s  in  Na :

R. Moreh and J .  Balderman

An experim en ta l s e t-u p  i s  now ready  fo r  th e  measurement of the  

l i f e t im e  of th e  f i r s t  (0 .4 4  MeV) and second (2 .07  MeV) e x c ite d  s t a t e s  o f
23 23Na , u s in g  th e  resonance f lu o re sc e n c e  tech n iq u e . The le v e ls  of Na a re

2*5 22popu la ted  by Ne , which i s  o b ta in ed  from th e  Ne (n ,y )  re a c tio n  by

i r r a d i a t i n g  s p e c tro s c o p ic a lly  pure neon in  th e  IRR-1 r e a c to r .

1 3 / 2The therm al n eu tron  f lu x  aroiind th e  a c t iv a t io n  chamber i s  ~ 10 n/cm sec .
23To o b ta in  an e q u ilib riu m  Ne so u rc e , the  gas i s  c i rc u la te d  through a loop 

by means o f  an o rd in a ry  ro ta ry  pump, th e  o i l  con tam ination  be ing  removed 

u s in g  a l iq u id  a i r  t r a p  c o n ta in in g  g la s s  wool. The c y l in d r ic a l  copper 

source  c o n ta in e r  (d iam ete r 4O mn, le n g th  60 mm, w a ll th ic k n e ss  1.5 nun) i s  

p laced  in s id e  a  la rg e  perspex  chamber surrotinded by a  s h ie ld in g  i n s t a l l a t i o n  

to  reduce th e  h igh  background o f Y -rays. The sodium s c a t t e r e r  was p rep ared  by 

m e ltin g  th e  m etal xinder p a r a f f in  o i l ,  then  co o lin g  i t  and p re s s in g  th e  s o l id

sodium in to  th e  a p p ro p r ia te  shape under o i l  and co v erin g  i t  w ith  0 .3  nun PVC f o i l .
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The p o s it io n s  o f  s e v e ra l energy le v e ls  in  0^^ and 0^^ were e s ta b l is h e d , 

and the  a n g u la r  d i s t r i b u t io n  o f  p ro to n  groups le a d in g  to  s e v e ra l le v e ls  in
ly  18 19

0 , 0 and 0 were m easured.

The experim en ta l r e s u l t s  were analysed  u s in g  the  B u lter-B om  theory  

and an e s tim a te  was ob ta in ed  o f  the  aihp litudes o f  the  sim ple s h e l l  model co n fig -
TO

u ra tio n  and deformed s t a t e s  i n  s e v e ra l l e v e ls  o f  0 . !Sie r e s u l t s  ccmjBre fh ir ly
(5)well wi-Qi r e c e n t  th e o r e t ic a l  e s tim a te s  hy Fedennaii and Talmi .

f \ 18 *( I I I )  Gamma T ra n s it io n s  in  0

18The le v e ls  a t  5-25 and 5.37 MeV in  0 have been in v e s t ig a te d  u s in g  
17 18

th e  0 (d,pY )0 r e a c t io n .  The 5.25 MeV le v e l  was found to  decay 41 + 6^  

to  th e  1 .9 8  MeV le v e l  and 59 ±  6% to  th e  groxmd s t a t e .  The 5 , J7 MeV le v e l  waS 

found to  decay 89 + 3^ to  th e  1 .98  MeV le v e l  and 11 + 3^ to  the 

3.92  MeV le v e l ,  w ith  an upper l im i t  o f  3^ and 2^ to  th e  3.55 MeV and ground 

s ta t e  r e s p e c t iv e ly .  The r e s u l t s  a re  in  agreem ent w ith  the assignm ent o f  .

2* to  th e  5.25  MeV le v e l  and 3**" to  th e  5 .37 MeV le v e l .

R e fe ren ces ;

1 . MOREH, R ,, N ucl. Phys. JO , 293 ( l9 6 5 ) .

2 . MOREH, R. and DANIELS, T .,  N ucl. P h y s ., 74, 403 ( 1965) .

3 . JAPFB, A .A ., e t .  a l  , P roc . Phys. Soc. 2§.> 914 (i960)

4 . MIDDIETON, R. and PULLEN, D .J . ,  N ucl. Phys. 51. 50 ( 1964)

5 . PEDBRMAN, P . and TAIMI, I . ,  Phys. L e t te r s  I 65 (l9 6 5 )

MBssbauer S tu d ie s  o f  V arious F e r r i t e  S t r u c tu r e s : T. Rothem and D. Kedem

A MBssbauer sp ec tro m ete r ^̂ of good r e s o lu t io n  and l i n e a r i t y  has been 

b u i l t .  I t s  saw -too th  d r iv e  i s  p rov ided  by the  In te r te c h n iq u e  400 channel 

a n a ly se r .

The r e s o lu t io n  i s  0 .2  mm/sec, as  measured w ith  a th in  abso rber o f  

n a tu ra l  Pe.

*
The experim en ta l work was c a r r ie d  ou t a t  th e  U n iv e rs ity  o f  M anchester.

<V
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The com parison s c a t t e r e r  was made by f i l l i n g  a r in g -sh ap ed  aluminiiim c o n ta in e r  

w ith  th e  a p p ro p ria te  w eight o f  MgO, matched f o r  bo th  Compton s c a t t e r in g  and 

p a i r  p ro d u c tio n  to  g ive  th e  same e f f e c t  as the  sodium s c a t t e r e r .

Energy L evels o f  Oxygen I s o to p e s ; R, Moreh

16 17 1ft * ( l
( l )  s tu d y  o f  th e  ( t .p )  R eac tio n  on 0 . 0  and 0 u s in g  5.55 MeV T rito n s

The ( t , p )  r e a c t io n  on 0^^, 0^"  ̂ and 0^® was s tu d ie d  a t  a  t r i t o n  

bombarding energy o f 5.55 MeV. S p ec ia l a t te n t io n  was g iven  to  th e  r e a c tio n  

0^"^(t,p )0^^ . The p o s i t io n  o f  s e v e ra l energy le v e ls  in  0^^ was e s ta b l is h e d .

Good agreem ent was o b ta in ed  in  some cases  between the measured p ro to n  a n g u la r  

d i s t r ib u t io n s  and the  p re d ic t io n s  o f  the  p lane wave double s t r ip p in g  th eo ry .

In  o th e r  cases  the  c o n tr ib u tio n  o f  o th e r  r e a c tio n  modes seems to  be a p p re c ia b le .

19The sp in  and p a r i ty  o f  the  ground and 3.153 MeV le v e ls  in  0
IV ^o b ta in ed  by th e  0 ( t , p )  r e a c t io n  were determ ined unam biguously to  be 5/2  ,

3 2a r i s i n g  from th e  '^5 /2 ^ l/2  ° ° ^ ^ S u r a t io n s  r e s p e c t iv e ly .  The 0.093

and 2.775  MeV le v e ls  were id e n t i f i e d  w ith  the  3/ 2"*" and 9/ 2"** le v e ls  re s p e c t iv e -  
3

l y  o f  the  c o n f ig u ra tio n .

X6 18The r e s u l t s  f o r  th e  0 ( t ,p ) 0  r e a c t io n  agreed  w ith  th o se  o f  J a f f e
18 20e t  a l .  .,who used  t r i t o n s  o f  5»50 MeV. In  th e  0 ( t ,p ) 0  r e a c t io n  the  sp in

20and p a r i t y  assignm ents f o r  th e  grotmd and f i r s t  th re e  e x c ite d  le v e ls  o f  0
(4)

were in  e s s e n t i a l  agreem ent w ith  th o se  o f  M iddleton e t  a l  . who used t r i t o n s  

o f  10 MeV.

/ \ 18 19 *( I I ;  The Level S tru c tu re  o f  0 and 0 bv S tr ip p in g  R eac tions

16 IV 18The (d ,p )  re a c tio n s  on 0 , 0  and 0 were in v e s t ig a te d  a t  a
18deu teron  energy o f  5 .56 MeV, w ith  a  view to  s tu d y in g  th e  0 energy  le v e ls .

The Q v a lu e s  o f  the  ground s t a t e  t r a n s i t io n s  in  the  re a c tio n s  

0^® and 0^® (d,p)0^^ w<

1 .734+p.OlO MeV r e s p e c t iv e ly .

1 7  1ft 1ft I Q
0 (d ,p )0  and 0 (d ,p )0  were determ ined  to  be 5.820+0.010 and

iff
The experim en ta l work was c a r r ie d  ou t a t  th e  U n iv e rs ity  o f  M anchester.
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MBssbauer E f fe c t in  Moleculgir Iod in e  C rv a ta ls ^^^ : M. P aste rn ak ,

A. Simopoulos , Y. Hazony

rl29The MBssbauer e f f e c t  o f  the  27 .7  keV t r a n s i t io n  in  I  has been 

s tu d ie d  in  m olecu lar io d in e  c r y s ta l s .  Prom the quadrupole s p l i t t i n g  o f the 

t r a n s i t io n s  (see  F ig .8  ) the  r a t i o  quadrupole coup ling

e^q the  isom er s h i f t  were determ ined . The s ig n  o f  the  quadrupole

coup ling  shows th a t  th e  s ig n  o f  th e  io d in e  f i e l d  g ra d ie n t i s  p o s i t iv e .

Prom th e  isom er s h i f t  o f  and from those  o f  a lk a l i  io d id e s ,  a l in e a r  

dependence o f  th e  isom er s h i f t  on th e  number o f  p -h o les  was d e riv e d . The 

in t e n s i t i e s  o f th e  peaks g ive  a  s tro n g  in d ic a tio n  o f an an g u la r dependence 

o f  the  r e c o i l l e s s  f r a c t io n  f ( 0 ) .  The 0^ o f  the  c r y s ta l ,  as w ell as 

th a t  o f  the  KI c r y s t a l ,  was d eriv ed  from the  tem perature dependence o f 

the  r e c o i l l e s s  f r a c t io n .

0*^180^^’̂ ^  +0.78 +0.37
V e l o c i t y  ( c m / s e c )
0  -0.05 -0.47 -0 .88 -1.30 -1.72 -2.13

4

26.6 koV.
g.».source nks.\

123 4 56 78
...

+—

- 1 /2  ' 

-3/2

-5/2

±
-5/2
-7/2.

4 0 0  350 300  250 200  150
C h a n n e l  N u m b e r

100 50

Pig. 8
Quadrupole s p l i t t i n g  o f  I 2 (m olecular io d in e  c r y s ta l ) ,  
measured w ith  a  Zn^^ -T e^29 so u rce . Both source and 

ab so rb er were a t  l iq u id  n itro g e n  tem perature

Reference :

1 . PASTERNAK, M., SIMOPOULOS, A ., HAZONY, Y ., Phys. Rev., 140 6A 1892, ( 1965)

IAEA fe llo w , on leave  from th e  N uclear Research C enter "Dem ocritos", 
A thens, Greece
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Measurements have been perform ed on f e r r i t e  abso rbers  o f  ZnPe^O^,

CuFe^O, and CdFe^O.. The r e s u l t s  in d ic a te  th a t  the  in te r n a l  m agnetic f i e ld  
2 4 2 4

■of a Fe n ucleus v a r ie s  acco rd in g  to  the  s i t e  a t  which i t  i s  lo c a te d  in  the

f e r r i t e  c r y s ta l  l a t t i c e .  Zinc f e r r i t e ,  f o r  in s ta n c e , which i s  a  normal

sp in e l where Fe atoms sire a l l  s i tu a te d  in  o c ta h e d ra l s i t e s ,  gave no m agnetic

s p l i t t i n g  e i th e r  a t  room tem i)erature o r  a t  l iq u id  n itro g e n  tem p era tu re . I t  

d id  show, however, a  s ig n i f i c a n t  quadrupole s p l i t t i n g  (0 .32  mm/sec).

Measurements a re  in  p ro g ress  to  determ ine th e  behaviour o f th e se  

compounds a t  low er tem p era tu res.

A bsolute R e c o ille s s  F ra c tio n  o f ZnTe; S. Bukshpan and M. P as te rn ak

0
The a b so lu te  r e c o i l l e s s  f r a c t io n ,  f ,  o f  ZnTe was measured a t  104 K

129u s in g  a cub ic  ab so rb e r -  Cul . The experim ent was perform ed by m easuring 
th e  Mbssbauer e f f ic ie n c y  a t  in c re a s in g , absorber- tl iip k n e sse s , in  o rd e r to  f in d  
th e  " s a tu ra tio n "  ab so rp tio n  dep th .

The a b so rp tio n  dep th  e (o )  i s  r e la te d  to  f  accord ing  to  the  fo llow ing  / \ s
form ula ^

e (O) = fg ( l  -  e ip  -  . J  ( i  — ))
T/ S\where T^ = f^ng^tg^Oo • to  th e  behav iour o f  th e  B essel fu n c tio n  J ( i

e(0) was s a tu ra te d  a t  ~ f  x  0 .8 5 . The fo llo w in g  v a lu es  were o b ta in ed :s

f  (ZnTe) = 0 .21  + 0*01

f  (C ul) = 0 .10  ±  0.01

By p lo t t in g  th e  ab so rb er l i n e  w id th  as  a  fu n c tio n  o f  th e  abso rber

th ic k n e s s , the  h a l f - l i f e  o f the 27 .7  keV le v e l  was d e riv e d . I t  was found

to  be T i  = 15 n sec , which i s  s h o r te r  by 10?o compared w ith  th e  d a ta  o b ta ined
( 2 )by the  conven tio n a l e le c t r o n ic  techn ique 

R e fe re n ces :

1 . MARGULIES, S. and EHRMAN, J .R . ,  N uclear I n s t r .  12, 131 ( l 9 6 l ) .

2 . DEWAARD, H ., p r iv a te  communication
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MBssbauer E f fe c t  in  °

The I«C 1, m olecule has a  p la n a r  s t r u c tu r e .  The f i e l d  g rad ie n t 
2 0

a c t in g  on the  io d in e  nucleus i s  produced by the  p e le c tro n  lone p a irs  

d ir e c te d  peiT>endicular to  th e  I -C l bond.

An I_C1, ab so rb er was p repared  by d i r e c t  com bination o f  ch lo rin e  
2 6

and a t  -75°C . The quadrupole coup ling  a t  90°K was determ ined from

th e  p o s it io n s  o f  the  quadrupole l i n e s .  I t  was found to  be e q Q = ■♦■ 2144 M c/sec,

which ag ree s  to  w ith in  1% w ith  th e  d a ta  ob ta in ed  by th e  N.Q.R. tech n iq u e .

The p lu s  s ig n  in d ic a te s  th a t  th e  f i e l d  g ra d ie n t i s  produced by the lone 

e le c tro n  p a i r s .  The isom er s h i f t  r e la te d  to  the  ZnTe source was found to  

be i  0 .35  cm /sec, in d ic a t in g  th a t  th e  I -C l bonds a re  c h ie f ly  produced by

p e le c t ro n s .  The quadrupole peak in t e n s i t i e s  g ive no in d ic a tio n  o f

a n iso tro p y  in  th e  r e c o i l l e s s  f r a c t io n .

MHssbauer E ffe c t in  F e r r o e le c t r ic  Comno\mds o f  Iod ine  : S. Bukshpan

A stu d y  has been i n i t i a t e d  o f  th e  MBssbauer e f f e c t  in  f e r r o e l e c t r i c  

io d in e  compounds, s p e c i f i c a l ly  BISI.

B telim inaiy measurements made w ith  show a very  low e f f e c t  n ea r the  

tem pera tu re  o f  phase t r a n s i t i o n .  A ttem pts w i l l  be made to  g e t a h ig h e r 

e f f e c t  by u s in g  a  source w ith  h i ^ e r  e ff ic ie n c y ^  fo r  in s ta n c e , a  s o lid  

s o lu t io n  o f  V and ^  Te. Experim ents to  p rep are  such a  source a re  in  

p ro g re s s . Of th e  o th e r  compounds, BiSI has been p repared  by a  chem ical 

p ro c e s s . I t  has a  low t r a n s i t i o n  tem peratu re  ( -  160°C) and can be used 

w ith  th e  s tan d a rd  ZnTe so u rce .
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57 *HOssbauer E f fe c t  o f  Co Im p u r i t ie s  D iffu sed  in  LiOH C fystal& i A„ Simopoulos

The e x c i ta t io n  o f  approx im ate ly  lo c a l iz e d  nodes in  l i g h t  c r y s ta l s  

doped w ith  heavy im p u r it ie s  has  been th e o r e t ic a l ly  p re d ic te d  and experim en­

t a l l y  observed by th e  in f r a r e d  tech n iq u e^ ^^ . (to th e  b a s is  o f  th e o re t ic a l
( 2)c a lc u la t io n s  fo r  th e  u se  o f  th e  Mdsabauer tech n iq u e  to  s tu d y  th e se  modes, 

we have s t a r t e d  a p ro je c t  in  t h i s  d ire c tic a i-  E x p eriao n ts  w ith  th e  conven­

tio n a l  Mdssbauer tech n iq u e  (ze ro  i^onon t r a n s i t io n s )  a re  b e in g  conducted
57u s in g  LiOH c r y s ta l s  a s  a  h o s t m a trix  and Co a s  im p u rity .

R e s u lts  w ith  s in g le  c r y s ta l s  show a n iso tro p y  o f  th e  b in d in g  o f  th e

im p u rity  atoms in  accordance w ith  th e  a n iso tro p y  o f  th e  c r y s t a l .  The

o v e ra l l  spectrum  su g g es ts  th e  e x is te n c e  o f  two im p u rity  s i t e s  in  th e  c r y s ta l ,
5Tone co rresp o n d in g  to  an Pe io n  ( th e  decay p roduct o f  Co ) and th e  o th e r  

p robab ly  to  an Pe^ io n . Work i s  in  p ro g re s s  to  r e l a t e  th e  atom ic m otion o f  

th e  h o s t atoms to  th a t  o f  th e  im p u rity  and to  e s ta b l i s h ,  w ith  more 

co n fid en ce , th e  e x is te n c e  o f  th e  P ^  s i t e .  The tem perainire dependence o f  

th e  r e c o i l - f r e e  f r a c t io n  w i l l  g iv e  in f o m a t io n  about th e  e x is te n c e  o f  

approx im ate ly  lo c a l iz e d  modes.

Three o th e r  r e la te d  p r o je c ts  a re  in  th e  p la n n in g  s ta g e  :

a) i \ i r th e r  experim ents w ith  Mg(OH) and Ca(OH) a s  h o s t m a tr ic e s .
57b) S tudy o f vanadiiim h y d rid es  doped w ith  Go . These h y d rid es  have been 

s tu d ie d  by n eu tro n  i n e l a s t i c  s c a t t e r in g  and th e  r e s u l t s  show new 

low -frequency  modes n o t p re s e n t in  th e  spectrum  o f  th e  vanadium m eta l.

Such modes could  a lso  be d e te c te d  by th e  Mdssbauer te ch n iq u e .
(3 )c) Study o f  KI c r y s ta l s  doped w ith  L i l .  E le c tro c a lo r im e tr ic  measurements 

have shown tu n n e lin g  modes o f  th e  L i im p u rity  in s id e  th e  c r y s t a l .  These 

modes amount to  1°K. Such a  mode could  be d e te c te d  e a s i ly  w ith  a 

'*one-phonon t r a n s i t i o n ” ex p erim a it by u s in g  th e  Mdssbauer te ch n iq u e .

R e fe re n c e s ;

1, SIEVERS, A .J . ,  Phys, R ev ,, L e t te r s  ] ^ ,  310 ( 1964)
2, BROUT, R. and VISSCHER, W.M., Phys. Rev. L e t te r s  1 ,  54 (l962 )
3 , LOMBARDO, G. and POHL, R .O ., Phys. Rev. L e t te r s  1^, 291 (l9 6 5 )

IAEA fe llo w , on leav e  from th e  H uclear R esearch  C en ter ”D em ocritos” ,
A thens, Greece
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o f  nucleons in  the  sm a lle r  sp h ere . A, and the r a t i o  between the  heavy and 

l i g h t  sp h e re s , a ,  which g iv es  th e  degree o f asymmetry. M athem atical saddle 

p o in ts  were c a lc u la te d  in  the two dim ensional space o f A and d fo r  v ario u s  

v a lu es  o f  a .  The e n e rg ie s  o f th e se  p o in ts  a re  p lo t te d  as a fu n c tio n  o f 

o in  F i g . 9 . The cu rves go through a  minimum f o r  a d i f f e r e n t  from 1, 

in d ic a t in g  th a t  th e  n u c le a r  shape a t  the sadd le  p o in t i s  asym m etric.

44

36

,238

240

ui 20

,252

1.4 2.0 2.2

F ig . 9
Energy o f  sad d le  p o in t as  a  fu n c tio n  o f the r a t i o  

a between th e  heavy and l i g h t  spheres
R eferen ce;
1 . SWIATBCKI, W., P ro c . o f  the Second I n te rn a t io n a l  Conference on N uclid ic  

Masses (l965 ) P*58, IAEA V ienna.

Alpha P a r t i c le  A ssocia ted  F is s io n  in  : Y. Gozez, G. Ben-David,

R. Moreh and A. K atase *

The p re lim in a ry  experim en ta l r e s u l t s ,  ob ta ined  w ith  the  appara tu s  

d e sc rib e d  p r e v i o u s l y ^ s h o w e d  ex cess iv e  p ile -u p  due to  the  h igh  gamma 

f lu x e s  p re se n t in  th e  re a c to r  thera ia l column. This was s u f f ic ie n t  to  d i s t o r t

Permanent ad d ress : Kyashu U n iv e rs ity , Japan .
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Mean Square D isplacem ent o f  Iod in e  in  ICN; M. P as te rn ak  and T. Sonnino

The ICN c r y s ta l  i s  an i n t e r e s t in g  compound f o r  m easuring th e  atomic
2

mean square d isp lacem en t < x  > . The c r y s ta l  c o n s is ts  o f  c o v a le n tly  bonded

ICN, form ing l i n e a r  ch a in s  bound by weak Van d e r Waals f o r c e s ^ ^ ^  The aim

o f th e  p re s e n t experim ent i s  to  measure < x 2 >  by d e p o s itin g  o r ie n te d  c r y s ta l s

and m easuring th e  a b so lu te  Mdssbauer f r a c t io n  f  ( 0 =  9 0 °).

2 2 2 2Assuming < r  > = < x ^ >  cos 0 +• <x  >,| s in  0 , we have d e riv ed ,
2 '' 2 R 'ir4ni= O)u s in g  a  com puter, th e  r e l a t io n  between < x  >, -  <x >1 and th e  r a t i o  — ^ --------- ,

^ II R (Am= 1 )
where R (Am) i s  the  norm alized quadrupole in t e n s i ty  f o r  Am = 0 and 

Am = + 1 t r a n s i t io n s .  The v a lu e s  o f  f  ( 0  = 90°) and f  f o r  randomly o r ie n te d  

c r y s ta l s  w i l l  be m easured, and from th e se  and th e  R (Am) r a t i o s  (C o ld an sk ii 

e f fe c t^ ^ ^ )  th e  a n iso tro p y  o f  th e  r e c o i l l e s s  f r a c t io n  w i l l  be d e riv e d .

R efe ren ces :
1. WYCKOPP, R .¥ ,G ., C ry s ta l S tru c tu re s ,  Vol 1 In te r s c ie n c e ,  N.Y. 1948

2. GOLDANSKII, V .I . ,  MAKAROV, B.P. and KHRAPOV, V .V ., J .  E xper. and Theor. 
Phys. 12, 508 (1963).

Saddle P o in t C a lcu la tio n s  for F is s io n . Taking in to  Account S h e ll E f f e c t s :

E, N ard i, E. C h e ife tz* , Y. Boneh*

Saddle p o in t c a lc u la t io n s  which take  in to  account s h e l l  e f f e c t s  have 

been c a r r ie d  ou t f o r  f i s s io n  in  heavy n u c le i .  The n u c le a r  shape a t  and 

around the  sadd le  i s  d e sc rib e d  by two s p h e r ic a l  c lu s te r s  connected by a 

c y l in d r ic a l  neck. S h e ll e f f e c t s  a re  in tro d u ced  by a t t r i b u t in g  to  each 

s p h e r ic a l  c lu s te r  th e  s h e l l  c o r re c t io n  term f o r  an e q u iv a le n t n u c leu s , taken  

from th e  l iq u id  drop mass form ula o f  S w ia te c k i( l ) . The param eters d e sc r ib in g  

th e  problem a re  th e  d is ta n c e  between th e  c e n te rs  o f  th e  sp h e re s , d , th e  number

#
Weizmann I n s t i t u t e  o f  S cience, Rehovot.
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th e  a lp h a  spectrum  co n s id e ra b ly . The e le c tro n ic  se t-u p  has now been 

m odified  by u s in g  b ia sse d  a m p lif ie r s  to  c u t out the  low energy p u ls e s . 

Improvements in  th e  th ree -d im e n sio n a l a n a ly se r  have been e f fe c te d , and 

d a ta  c o l le c t io n  i s  c o n tin u in g .

R eferen ce;

1. GOZEZ, Y ., BEN-DAVID, G ., and MOREH, R ., I s r a e l  AEG Semi-Annual Report 
Ju ly -D ee. 1964,IA-1021, p .25.

*
Neutron Em ission in  T r ip le  F is s io n : E. N ardi and Z. P raenkel

Measurements a re  be ing  con tinued  in  the experim ent to  determ ine the
252number o f  prompt n eu tro n s  em itted  in  th e  te rn a ry  f i s s io n  o f  Cf . The 

p u lse  h e ig h t d a ta  a re  reco rded  on an N.D.A. A-dimensionsd a n a ly se r . P re lim i­

nary  v a lu es  o f  the  t o t a l  number o f  te rn a ry  f i s s io n  n eu trons have been ob ta ined . 

A M onte-C arlo’ c a lc u la t io n  was perform ed to  compute th e  e f f ic ie n c y  of the  

p l a s t i c  s c i n t i l l a t o r  and the  tim e d i s t r i b u t io n  f o r  n eu trons o f  d i f f e r e n t  

e n e rg ie s  and in c id e n t  a n g le s . S p e c i f ic a l ly ,  a  c a lc u la t io n  was made fo r  the  

geom etry o f  th e  experim ent (25 cm s o u rc e - to -c ry s ta l  d is ta n c e ) .  The r e s u l t s  

in d ic a te  th e  c r y s ta l  to  be r e l a t i v e ly  in s e n s i t iv e  to  d if fe re n c e s  in  n eu tron  

e n e rg ie s .

R efe ren ce :

1. NARDI, E. and PRAENKEL, Z ., I s r a e l  AEG Semi-Annual R eport, Ju ly-D ee.
1964, IA-1021, p . 27.

*
E vapora tion  G a lc u la tio n s : L. M eilen and Z. P raenkel

A com puter programme f o r  com puting the  ev ap o ra tio n  o f  p a r t i c l e s  

from a  n ucleus on th e  b a s is  o f  th e  compound nucleus and s t a t i s t i c a l  models 

has been improved and com pleted.

*
Weizmann I n s t i tu te  o f  S cience, Rehovot
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The programme can be used fo r  two d i f f e r e n t  ty p es  o f p ro cesses ;

a) E vapora tion  from n u c le i  bombarded w ith  p a r t i c l e s  o f medium energy 

( <50 MeV)

b) E vapora tion  from e x c ite d  n u c le i  a f t e r  a  prompt cascade.

The programme can compute the  co m petition  between f i s s io n  and 

neu tro n  em ission  in  heavy e lem en ts, and the  ev ap o ra tio n  o f neu tro n s  from 

th e  f i s s io n  fragm en ts .

The o u tp u t ta b le  g iv e s  th e  spectrum  o f th e  r e s id u a l  n u c le i and the  

sp e c tra  o f  th e  em itted  p a r t i c l e s .

Resonance F luorescence o f Y-Ravs Using Gaseous and Linuid Sources :

T. Rothem and B. Locker

An ex perim en ta l arrangem ent has been com pleted f o r  th e  s tu d y  o f 

resonance f lu o re sc e n c e  o f  Y -rays u s in g  gaseous and l iq u id  so u rces . The 

re so n an t n u c le i  a re  embedded in  f e r r i t e s .  Sources in c lu d e  Co^^ in  the  

form o f C0CI2 and Mn^^ in  th e  form o f MnClj. Resonance s c a t t e r in g  measure­

ments in  NiO.Pe^O^ and CoO.Pe^O^ have been s t a r t e d .

Decay Schemes o f  S n ^ ^ ^  and T e ^ ^ ^  : B. Locker and Y. Hazony

C oincidence measurements have been perform ed f o r  a) th e  ~ 400 keV

P -ray s  o f  a  S n ^ ^ ^  sou rce  and th e  low energy gamma spectrxun; b) th e  1 .1  MeV

gamma ra y s  o f  T e ^ ^ ^  and th e  low energy gamma spectrum . Both measurements

showed a  gamma t r a n s i t i o n  o f  ~ 9 keV. This t r a n s i t io n  i s  in  cascade w ith  a
121~ 2 8  keV gamma t r a n s i t i o n  to  th e  ground s t a t e  o f  Sb . The r e s u l t s  have 

been p repared  f o r  p u b lic a tio n .

The v a r io u s  methods used  fo r  th e  p re p a ra t io n  and p u r i f i c a t i o n  o f  the
122.n iSn source w i l l  be p u b lish ed  as  an lA rep o h t (IA-IO8I )  .

*

B a r-I la n  U n iv e rs ity
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Study o f  (n .g )  R eac tio n s  u s in g  Thermal N eutrons: G ,.H a z ^ , R. Moreh,
*

A. K atase and G. Gozez.

Experim ents have been con tinued  on the  (n ,a )  r e a c tio n  induced by 

therm al n eu tro n s  in  medium w eight n u c le i^ ^ ^ . A sm all r e a c tio n  chamber 

was u sed , w ith  10 cm th ic k  le ad  s h ie ld in g  w a lls  to  reduce background due to  

gamma ra y s .  The whole arrangem ent, in c lu d in g  p re a m p lif ie r ,  was in s e r te d  

in to  th e  therm al column by means o f  a s p e c ia l  lo ad in g  d ev ice . M od ifica tions 

were in tro d u ced  in  the  e le c t r o n ic  c i r c u i t  to  reduce the  e f f e c t  o f gamma 

p ile -u p  which lim ite d  th e  s e n s i t i v i t y  o f  the  experim ent fo r  low cro ss  

s e c tio n  r e a c t io n s .  A f te r  f a s t  d i f f e r e n t i a t io n s ,  a b ia ssed  a m p lif ie r  i s  

used to  c u t o f f  th e  low energy s ig n a ls ,  th e  s tre tc h e d  ou tpu t being  fed  to  

a  P.H.A. The app80*atus can now be used to  measure (n ,a )  c ro ss  s e c tio n s  as 

low as  a  few te n s  o f p -b a rn s .

95A p re lim in a ry  30 hour run  w ith  Mo has no t shown any s ig n if ic a n t  

peak n ear the  energy o f th e  expected  Q va lue  f o r  the  ground s ta t e  t r a n s i t io n .  

This experim ent i s  c o n tin u in g . F u r th e r  s tu d ie s  a re  planned fo r  Xe, Hg, and 

Sm.

R eference

1 . CHEIFETZ, E .,  GILAT, J . ,  YAVIN, A . I . ,  ASHERI, D ., COHEN, S.G. and 
OPATOWSKY, A ., Plgrs. L e t t e r s ! ,  289 ( l9 6 2 ) .

*
Permanent add ress : Kyashu U n iv e rs ity , Japan .
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4 . S O L I D  S T A T E  P H Y S I C S

D uring the  p a s t y e a r  an NMR L abora to ry  has been s e t  up . I t  i s  

equipped w ith  a  15" e lec trom agnet capab le o f  p roducing  a f i e l d  o f 23,000 

gauss in  a 2" a i r  gap. A p u lsed  n u c le a r  resonance sp ec tro m ete r o p e ra tin g  

between 2 and 30 Me has been b u i l t .  The RF p u lse  ou tp u t power i s  5 kW over 

most o f  the  ran g e . T his sp ec tro m ete r i s  s u i ta b le  f o r  experim ents in  s o l id s .  

V arious o th e r  in s tru m en ts  f o r  the NMR experim ents in  s o l id s  have a lso  been 

b u i l t .

N uclear M agnetic Resonstnce Studv o f  Hvdrogen A llo v in g  in  th e  E arlv  T ra n s it io n  

M etals (Group V B) : D. Zamir

The K night s h i f t s  and sp in  l a t t i c e  r e la x a t io n  tim es o f  vanadixam and 

niobium in  th e  VH  ̂ and NbH system s re s p e c t iv e ly  have been m easured. Prom 

the  observed tem pera tu re  dependence o f th e  r e la x a t io n  time th e  c o n tr ib u tio n  

o f  th e  conduction  e le c tro n s  to  th e  n u c le a r  r e la x a t io n  was found. A com pari­

son o f  th e  K night s h i f t s  and r e la x a t io n  tim es o f  V and Nb in  the  h y d rid es  w ith

those  fo r  th e  co rrespond ing  a l lo y s ,  VCr and NMo , shows a g re a t  s im i la r i ty
X X

between the  two ty p es  o f system s. Some o f  the  im p lic a tio n s  o f  t h i s  s im i la r i ty  

have been exam ined. Using a  K o rrin g a -ty p e  r e l a t i o n  f o r  Nb in  the  NbH^ system , 

the  type o f  conduction  e le c tro n s  g iv in g  r i s e  to  th e  K night s h i f t  and re la x a t io n  

r a te  was in v e s t ig a te d .

R eferen ce;

1. ZAMIR, D ., Phys. Rev. l^O, A 271 (l965)

*
In f ra re d  S p e c tra  o f  Small Io n ic  C ry s ta ls  : R. Englman and R. Ruppin

The long  w avelength  p a r t  o f  th e  d is p e rs io n  curves f o r  a  th in  d isc -sh ap ed  

r o c k s a l t  type c r y s ta l  i s  c a lc u la te d  by means o f  an approxim ate model,

* T his re s e a rc h  was sponsored by th e  A ir  Force M a te r ia ls  L ab o ra to ry ,R esearch  
and Technology D iv is io n , AFSC, th rough  th e  European O ffice  o f  A erospace 
R esearch , U nited  S ta te s  A ir  F o rce , C o n tra c t AF 61 (052) -  753-
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which employs c y c l ic  boundary c o n d itio n s . I t  i s  found th a t  fo r  w avelengths 

o f  th e  same o rd er a s ,  o r  sm a lle r  th an , th e  th ick n ess  o f  th e  c r y s ta l ,  

s ig n i f i c a n t  s h i f t s  in  th e  freq u en c ie s  o f  th e  o p t ic a l  branches occur.

A bsorption freq u en c ie s  and o s c i l l a t o r  s tre n g th s  a re  c a lc u la te d  as 

a fu n c tio n  o f  th e  th ic k n e ss  o f  th e  specimen and o f  th e  angle o f  inc id en ce  

o f  th e  in f ra re d  r a d ia t io n .  I t  i s  found th a t ,  in  a d d itio n  to  th e  u su a l 

tra n sv e rse  o p t ic a l  frequency , th e  c r y s ta l  absorbs a t  o th e r  freq u en c ies  

which a re  e i th e r  l e s s  than  the  tra n s v e rs e  o p t ic a l  f req u en c ie s , o r between 

the  tra n s v e rs e  and th e  lo n g itu d in a l  freq u en c ie s  o r g re a te r  than  the  

lo n g itu d in a l f re q u e n c ie s .

R ecen tly  we have developed an approach which can be ap p lied  to  

f i n i t e  s o lid s  o f  v ery  g en e ra l shapes in  o rd er to  o b ta in  those v ib ra t io n a l  

modes and f re q u e n c ie s  which a re  a f fe c te d  by th e  presence o f  th e  boundary.

The O nerato r fo r  Spin-Forbidden T ra n s it io n s  : R. Englman

With th e  D irac equ a tio n  as  a b a s is  we have shown th a t  th e  m atrix  

elem ent o f  th e  d ip o le  moment, taken  between four-component s p in o rs , g ives 

th e  fundam ental t r a n s i t io n  am plitude fo r  sp in -fo rb id d en  t r a n s i t io n s .  I t  

was found th a t  very  f re q u e n tly  i t  i s  s u f f ic ie n t  to  take  the  same m atrix  

elem ent, b u t only between th e  la rg e  components, those which a re  the  

s o lu tio n s  o f  th e  P au li-H am ilto n ian . F in a l ly ,  i t  was shown th a t  because 

i t  excludes h o le - e x c i ta t io n s , th e  P au li-H am ilto n ian  cannot p o ss ib ly  give 

a r ig o ro u s  ex p ressio n  fo r  th e  t r a n s i t io n  m a trix .

T his re se a rc h  was sponsored Iqr the  A ir Force Cambridge R esearch 
L ab o ra to rie s  th rough th e  European O ff ic e  o f  Aerospace R esearch, 
U nited  S ta te s  A ir F o rce , C on trac t AF 61 (052) -  806.
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S tu d ie s  in  th e  V ib ron ic  Theory of F e r r o e le c t r ic s  : R. Englman and

C, Yatom

I t  was shown in  r e f .  1 th a t  th e  v ib ro n ic  th eo ry  o f f e r r o e l e c t r i c i t y  

reduces to  a  sim ple so lv a b le  form ( th e  W igner-Jaynes fo rm u la tio n ) in  the  

mean in te r a c t io n  approx im ation . We have now d eriv ed  the  param eters 

ap p ea rin g  in  th e  D evonshire phenom enological ex p ress io n  f o r  th e  f re e  

energy . The param eters depend on th e  tem peratu re  e x p l i c i t ly  and a re  

fx inctions o f  s e v e ra l c o n s ta n ts  o f th e  m icroscopic th e o ry .

( 2 )The r e s u l t s  o f B e ll and Rupprecht f o r  th e  d i e l e c t r i c  c o n s ta n t

€ = e, + C(T -  T in  f iv e  p e ro v sk ite s  show th a t  i s  an o rd e r  o f Jj o it
magnitude sm a lle r  th a n  g/ t . We in v e s t ig a te d  th e  consequences fo rO it
o f  an e le c tro n ic  band scheme r a th e r  than  a d eg en e ra te  le v e l  scheme, and 

foimd th a t  €t niay be a f f e c te d  c o n s id e ra b ly  p rov ided  th a t  th e  P e rm i-le v e lJj
i s  n e a r  to  the c ro s s in g  p o in t o f  th e  energy bands o r  to  th e  p o in t ( in  k 

space) o f c lo s e s t  approach of th e se  bands. For th e  c a lc u la t io n s  to  be 

s ig n i f i c a n t  f o r  a r e a l  c r y s ta l ,  the  d is ta n c e  between the  F e rm i-lev e l and 

the c ro s s in g  p o in t o r  th e  p o in t o f c lo s e s t  approach must be o f th e  o rd e r 

o f the  t r a n s i t io n  tem p era tu re .

R efe ren ces :

1. ENGLMAN, R . , I s r a e l  AEG R eport lA-994 (C hapter 4 )

2 . RUPPRECHT, G. and BELL, R. D ., Rev. ]J ^ ,  A748 (1964)

* This re s e a rc h  was sponsO]?ed by th e  A ir  Force M a te r ia ls  L ab o ra to ry , 
R esearch and Technology D iv is io n , AFSC, t h r o u ^  th e  Europeaia O ffice  
of A erospace R esearch , U hited  S ta te s  A ir  F o rce , C o n trac t AP 61 (052)-753.
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*
Covalencv E f fe c ts  in  T rig o n a l D is to r t io n  ; R. Englman

The s tr e n g th  o f  the  a x ia l  f i e l d ,  a s  d erived  from th e  s p l i t t i n g s

o f the  o p t ic a l  bands o f param agnetic m etal io n s  in  c r y s ta l s  of tr ig o n a l

S3nnmetry, f lu c tu a te s  g rea tly  from band to band. We have made a q u a lita t iv e

a n a ly s is  o f th e  e f f e c t  on th e  assum ption th a t ,  in  a d d itio n  to  the (m ostly)

p o s i t iv e  t r ig o n a l  f i e l d  s p l i t t i n g  param eter a c t in g  on th e  m etal io n s ,

th e re  i s  a ls o  a la r g e r  and n eg a tiv e  t r ig o n a l  f i e l d  s p l i t t i n g  param eter

a c t in g  on the m olecu lar o r b i t a l s  formed from th e  lig an d  o r b i t a l s .  Covalency

m ixing r e s u l t s  in  an  e f f e c t iv e  s p l i t t i n g  param eter th a t  d i f f e r s  fo r  each
3 2c o n f ig u ra tio n  ( in  th e  t  and e s u b s h e l l) .  Of eq u iv a len t c o n f ig u ra tio n s , 

th e  one p o sse ss in g  g r e a te r  in te r e le c t r o n ic  in te r a c t io n  energy i s  l i k e ly  to  

have sm a lle r  convalency coup ling  and consequently  a more p o s it iv e  tr ig o n a l  

f i e l d  s p l i t t i n g  p aram eter.

I t  ap pears  th a t  covalency  may r e s u l t  in  th e  s t a b i l i z a t io n  o f the 

J a h n -T e lle r  i n s t a b i l i t y  o r even in  a d i s to r t io n  in  th e  opposite  sense to  

th a t  which o b ta in s  in  the  absence of covalency.

The J a h n -T e lle r  E f f e c t  f o r  T h ree fo ld  D egeneracies : M. Caner and R. Englman

We have t r e a te d  th e  case o f a  t r i p l y  degenerate  e le c tro n ic  s t a t e  

i n t e r a c t i i ^  w ith  a  s e t  o f  t r i p l y  d egenera te  v ib r a t io n a l  modes.

The v ib ro n ic  s t a t e s  (be in g  sums of p roducts  o f e le c tro n ic  s ta t e s  

w ith  v ib r a t io n a l  s t a t e s )  have been c l a s s i f i e d  acco rd in g  to  the  ir r e d u c ib le  

re p re s e n ta tio n s  o f th e  group (O o r  T^) o f th e  H am iltonian . The e ig en v a lu e s , 

e ig en v ec to rs  and c e r t a in  t r a n s i t io n  p r o b a b i l i t ie s  have been computed.

* This reseaTch~was sponsored by th e  A ir  Force Cambridge Research L ab o ra to rie s  
through th e  European O ffice  o f A erospace R esearch , U nited  S ta te s  A ir  F orce, 
C o n trac t AF 61 (052) -  806.
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I n te n s i ty  C a lc u la tio n s  f o r  A bsorption Bands in  T e tra h e d ra l Symmetry :

Z. Yager

A g en e ra l method has been developed f o r  c a lc u la t in g  th e  i n t e n s i t i e s  

o f  d^ -* d° t r a n s i t io n s  f o r  param agnetic io n s  in  te trs ih e d ra l sym m etries. 

E le c t r ic  d ip o le  t r a n s i t io n s  o f  th i s  type  would be fo rb idden  in  a c r y s ta l  

w ith  in v e rs io n  symmetry. In  te t r a h e d r a l  symmetry two mechanisms may be 

re sp o n s ib le  fo r  th e  t r a n s i t io n :  a) th e  odd s t a t i c  e l e c t r i c  f i e l d ,

b) th e  odd v ib r a t io n a l  m otion o f  th e  ne ig h b o u rs . E ith e r  o f  th e se  mechanisms 

causes an in m ix tu re  o f  charge t r a n s f e r  s t a t e s  in  th e  e v e n -p a rity  m etal 

s t a t e s .

With th i s  p h y s ica l background we have c l a s s i f i e d  b o th  th e  e le c tro n ic

s ta t e s  and th e  v ib r a t io n a l  m otion by means o f  group th e o ry , th e reb y  a lso

red u c in g  th e  niunber o f  o v e rla p  in te g r a l s  e n te r in g  th e  t r a n s i t io n  p r o b a b i l i t i e s .

These o v e rla p  in te g r a l s  sire c a lc u la te d  fo r  S la te r - ty p e  wave fu n c tio n s  o f  th e

m etal and th e  lig a n d . They, as w ell a s  o th e r  r e la te d  q u a n t i t i e s ,  have been
2+ta b u la te d . Num erical c a lc u la t io n s  have been made fo r  Ni in  ZnO.

C a lc u la tio n  o f  Jaco b i Polynom ials and Angular Momentum T ransform ation  

M atrix Elements ^ : M. G azith

Angular momentum tran s fo rm a tio n  m a trix  elem ents were c a lc u la te d  

d i r e c t ly  from Jaco b i poljm om ials by u s in g  an a p p ro p r ia te  form o f  th e  

e x p l i c i t  ex p ress io n  fo r  th e se  poljm om ials. The use  o f  t h i s  form o f  the

T h is  re s e a rc h  Was sponsored by th e  A ir Force Cambridge R esearch 
L a b o ra to r ie s  th rough th e  European O ffic e  o f  A erospace R esearch , 
U nited  S ta te s  A ir F orce , C on trac t AP6l(052) -  806
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Jaco b i polynom ials o b v ia te s  th e  need f o r  len g th y  c a lc u la t io n s  by recu rren ce  

fo rm ulae . M atrix  elem ents f o r  j  = 3 and 5 were c a lc u la te d  and ta b u la te d . 

The r e s u l t s  o b ta in ed  were used f o r  num erical c a lc u la t io n s  by Z. Yager 

(see  p rev io u s  ite m ).

R eference :

1. GAZITH, M., I s r a e l  ABC R eport IA-1067 (l9 6 6 )

A T h e o re tic a l Model f o r  th e  M otion o f K rvoton in  a  C la th ra te^^^  : B. B a rn e tt 

and Y. Hazony

A th e o r e t ic a l  model o f th e  p o te n t ia l  in s id e  a  hydroquinone c l a th r a te  

i s  su g g ested  on th e  b a s is  o f d a ta  o b ta in ed  from Mossbauer e f f e c t  experim ents 

and s p e c i f i c  h e a t m easurem ents. The experim en tal evidence su g g es ts  th a t  

th e  g u e s t p a r t i c l e  l i e s  in  a  narrow er p o te n t ia l  w e ll a t  low tem pera tu res 

than  a t  h ig h  ones. The th re e  d im ensional in te iq ) re ta t io n  o f the model has 

been g iven  as  w e ll a s  thermodynamic c o n s id e ra tio n s  reg a rd in g  the  r e la t io n s h ip  

between th e  ex p erim en ta l s p e c i f ic  h e a ts  and th e  th e o r e t ic a l  C^. A comparison 

between th e  ex p erim en ta l and th e o r e t ic a l  s p e c if ic  h e a ts  i s  made f o r  the 

hydroquinone-kryp ton  c l a t h r a t e s .

R eference ;

1 . BARNETT, B. and HAZONY, Y ,, J .  Chem. Phys. ^ ,3 4 6 2  (l9 6 5 ) and I s r a e l  
Age R eport IA-1019 ( 1965)

NH^H^PO^ Phase T ra n s it io n  S tu d ie s  bv In f ra re d  A b so rp tio n ; I .  P e la h ,

B. W iener (A vnear) and S. Levin

The phase t r a n s i t i o n  o f a n t i f e r r o e l e c t r i c  NH H^PO, (ADP) was s tu d ie d
4 2 4  _ i

by m easuring th e  in f r a r e d  a b so rp tio n  spectrum  in  th e  w avelength reg io n  250 cm
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to  4000 cm The changes in  the  spectrum  which occurred  on c ro s s in g  th e

a n t i f e r r o e l e c t r i c  Curie tem peratu re  (148°K), were compared w ith  those  found

e a r l ie r^ ^ ^  fo r  the  f e r r o e l e c t r i c  t r a n s i t io n  p o in t (123°K) o f KDP '(KH PC ) .
2 4

Above th e i r  C urie tem pera tu re  th e  s p e c tra  o f  ADP and KDP a re  v ery  s im ila r ,  

excep t o f  course f o r  the a d d i tio n  o f th e  NE  ̂ c h a r a c te r i s t i c  l in e s  in  1die 

case o f ADP. Below th e  phase t r a n s i t io n  the  s p e c tra  d i f f e r  co n s id e ra b ly : the  

PC l i n e s  a re  s p l i t  in  a  d i f f e r e n t  manner, e s p e c ia l ly  th e  broad peak a t  250cm ^ 

to  450 cm which i s  s p l i t  in to  6 l i n e s  in  ADP in s te a d  o f  4 as in  KDP. Changes

a re  a lso  in  th e  N E l i n e s  on co o lin g  below the  Curie te m p era tu re . The
^ (2 ) p o s it io n s  o f  the  hydrogens in  the  s h o r t 0 -E ..0  bonds a re  n o t known as  y e t

f o r  th e  low tem perattire ADP phase . I t  i s  most im portan t f o r  an u n d ers tan d in g

o f  th e  a n t i f e r r o e l e c t r i c  phenomena th a t  th e se  p o s it io n s  should  be e s ta b l is h e d .

Taking in to  account the  s t a t i c  auid dynamic c r y s ta l  e f f e c t s  on the  symmetry,
(4)our r e s u l t s  in d ic a te  th a t  below th e  C urie tem pera tu res th e  symmetry o f the  

PO^ group i s  C  ̂ in  NE^E^PO^ and C  ̂ in  KE^PO^.

( 3 )This may su p p o rt Nagam iya's th eo ry  on the  d i f f e r e n t  arrangem ent o f

the hydrogens in  the  PO^ te tr a h e d ra .  S im ila r  r e s u l t s  were found when comparing

the  s p e c tra  o f  KB AsO. and NS^E AsO. above and below t h e i r  C urie te m p era tu re s .
2 4 4 2 4

The e f f e c t  o f  phase t r a n s i t io n  on the  in f r a re d  s p e c tra  o f  th e  d e u te ra te d

compounds o f  HB^E^PO^ were s tu d ie d  f o r  d i f f e r e n t  p e rce n tag es  o f  d e u te ra tio n  

in  o rd e r  to  determ ine the  ro le  p layed  by the  hydrogens and to  a id  in  th e  a s s ig n ­

ment o f th e  in f r a r e d  l i n e s .

The r e s u l t s  su ppo rt our p rev io u s  idea^^^ th a t  in  th e  upper phase th e re  

i s  a low frequency  hydrogen mode which changes d r a s t i c a l l y  on phase t r a n s i ­

t io n .  T his mode i s  exp la ined  as r e s u l t in g  from a  s p l i t t i n g  o f  the  ground 

le v e l  o f th e  p ro to n  in  a s l i g h t ly  asymm etric double minimum p o te n t ia l  w e ll ,  

where tu n n e lin g  o f  th e  p ro to n  ta k e s  p la c e .

R e fe ren ces :

1 . IMRY, Y ., PELAE, I .  and WEINER, E .,  J .  Chem. Phys. 4 1 , 2332 (l965 )

2 . TENZER, L ., FRAZER, B.C. and PEPINSKY,R., A cta C ry s t. 11, 505 (l95S)

KEELING, R.O. and PEPINSKY, R .,  Z. K r i s ta l lo g r .  106. 236 (l955 )
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3 . NAGAMIYA, T ., P rog . Theor. Phys. 7 , 275 (l954 )

4 . WIBHER (A vnear), E . ,  PELAH, I .  and IMRY, Y ., ADP Phase T ra n s it io n  

S tud ied  by In f ra re d  A bsorp tion  , 8 th  European Congress on M olecular 

S pectroscopy . Copenhagen, Denmark, August 14-20, 1965•

A New I n te r p r e ta t io n  o f  the  Q u a s ie la s t ic  S c a t te r in g  o f  Slow N eutrons in  

W ate j^^; 1 . Pelah  and Y. Imry

( 2 )A re fin em en t was made in  our p rev io u s  sim ple model f o r  l iq u id

w a te r  which d e p ic te d  i t  as a  "gas" o f  ag g reg a tes  o f a few hundred m olecules

each . In  th e  l im i t  where th e  ag g reg a tes  do n o t i n t e r a c t ,  the  model gave

th e  same n eu tro n  s c a t t e r in g  as  from a "gas" o f m olecu lar w eight about

300 tim es th a t  o f  H^O. The "D oppler s h i f t "  in  s c a t te r in g  from th i s  "gas"

g iv es  the  r ig h t  o rd e r  o f  magnitude f o r  th e  q u a s ie la s t ic  broadening and i t s
( 2 )dependence upon momentum t r a n s f e r

In  th e  p re se n t work th e  in te r a c t io n s  between the agg rega tes  a re  

taken  in to  account. The system i s  d e sc rib e d  as a " q u a s iso lid "  composed o f 

th e  ag g reg a te s  as u n i t s ,  w ith  a  c h a r a c te r i s t i c  tem perature which i s  presum­

ab ly  low (because o f the  la rg e  a g g re g a te s ) .  Neutron s c a t te r in g  from th i s  

system  fo r  sm all energy  t r a n s f e r s  w i l l  be th e  sum o f many phonon c o n tr ib u tio n s .

Machine c a lc u la t io n s  o f the d i f f e r e n t i a l  c ro ss  s e c tio n  fo r  s c a t te r in g  o f  slow
(3 )

n eu tro n s  from th i s  model were made u s in g  S jf lla n d e r 's  phonon expansion 

and assum ing a sim ple frequency  d i s t r i b u t io n  f o r  the "phonons". I t  was 

found th a t  f o r  h igh  v a lu es  o f  the  Debye W aller exponent, 2W, th e  c ro ss 

s e c t io n  tends to  th e  gas approx im ation . For 2 W «  3, which i s  ob ta ined  fo r  

6 3°K, the s c a t t e r in g  c ro ss  s e c tio n  c o n s is ts  o f  a s e r ie s  o f  peaks whose

t o t a l  envelope i s  g iven  by th e  gas approx im ation . This i s  found to  agree
(4 )w ith  th e  experim en ta l r e s u l t s  o f  B a jo r ic  e t  a l  .and to  g ive q u a l i ta t iv e ly  

th e  r i g h t  tem peratu re behav iour -  c o n tra ry  to  form er d if fu s io n  m odels. The 

p h y s ic a l im p lic a tio n s  o f  the  model a re  d isc u sse d .
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R eferen ces;

1 . PELAH, I .  and IMRY,Y.,Israel ABC R eport IA-875 (l963)

2 . PELAH, I .  and IMRY, Y ., Phys. L e t te r s ,  to  be p u b lish e d .

3 . SjSlANHBR, a . ,  A rkiv fB r P y sik , M j5 1 5  (1958)

4 . BAJDRIC, A ., GOLYKOV, E .B ., ZHDKOVSKAYA, I . ,  SHAPIRO, P .L .,  SHKATOLA, A. 
and JANIK, E .A ., P ro c . o f th e  Symposium on I n e la s t i c  S c a t te r in g  o f 
N eutrons in  S o lid s  and L iq u id s , Vienna (l9 6 2 ) pp.363»

Param agnetic Resonance Spectrum o f  i n  S in g le  C ry s ta ls  o f  Calcium O x i d e i
*

W. Low and J .T .  Suss

, The in v e s t ig a t io n  o f  the  param agnetic resonance spectrum  o f Co^"  ̂ in

CaO was com pleted. Co^"  ̂ was o b ta in ed  by gamma i r r a d i a t i o n  o f c r y s ta l s  
2+c o n ta in in g  Co . The resonance r e s u l t s  a re :

A = (31 .6  + 0 .3 )  X 10"^ cm“ ^ ; g = 2.2743 ±  0.0008 a t  20°K and

g = 2.2756 ±  0 .0008 a t  12°K.

A com parison was made o f th e  in t e r n a l  m agnetic f i e l d  due to  e f f e c t iv e

core p o la r iz a t io n  f o r  Co^"  ̂ in  MgO, Co^^ in  CaO and Nî "*" in  MgO, The core 

p o la r iz a t io n  fo r  s im i la r  io n s  was found to  be n e a r ly  independent o f  th e  

c r y s ta l  h o s t .

R eference;

1 . LOW, W. and SUSS, J .T . ,  Phys. Rev. L e t te r s ,  l^., 519 (l965 ) and I s r a e l  
AEC R eport IA-1056.

( l )  *E .S .R . S tu d ie s  o f  R ad ia tio n  E ffe c ts  in  Simple Oxides ; W. Low and J .T .  Suss

Gamma i r r a d i a t i o n  o f  s in g le  c r y s ta l s  o f  MgO, CaO and SrO, causes a 

number o f  e f f e c t s  which can be measured by means o f  e le c tro n  sp in  resonance .

*
The Hebrew U n iv e rs ity , Jerusalem .
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( s )In  a d d itio n  to  valence changes o f  iro n  group im p u ritie s  in  MgO and 

CaO^^^’ we have a lso  observed c e n te rs  (ho les trapped  n ear a p o s it iv e  

io n  vacancy) in  CaO and SrO. These c e n te rs  a re  no t s ta b le  a t  room tem peratu re. 

They have a x ia l  symmetry, w ith  gii = 2.0020 , g. = 2.0717 in  CaO, andII X /g \
g II = 1.9999, gj^ = 2.0757 in  SrO . S im ila r  ho le  c e n te rs  in  MgO were 

s ta b le  a t  room tem p era tu re .

A number o f a d d i t io n a l  c e n te rs  have been found in  c r y s ta l s  o f CaO 

and SrO. One o f  the  most i n t e r e s t in g  i s  a c e n te r  found a t  20°K which can 

be expressed  by means o f  a sp in  H am iltonian :

= g|| PH "S t  g, P (h  S 4- H S ) + AS I  + BS I  + D 
6 | |  KHg, 2  X y y z  z  y y S ^ -  ± S(S + l )

Z

W i t h  gi = 2.0010 , g = 2.1232 , A = 1 .9  x lO"'^ cm"^ , B = 3 .6  x 10 ^ cm"^,
-4  -1  0D ~ 0 .5  X 10 cm . This c e n te r  i s  p a r t i a l l y  s ta b le  a t  77 K and could

a r i s e  from a  ho le  trapped  n e a r a  Na im p u rity .

R e fe ren ces ;

1 . LOW, W. and SOSS, J .T . ,  P roc. o f  the  In te rn .  Conference on E lec tro n  
D if f r a c t io n  and the  N ature o f  D efects  in  C ry s ta ls , Melbourne, A u s tra l ia ,  
16-21 A ugust, 1965 .

2 . ORTON, J . ¥ . ,  AUZINS, P . ,  GRIFFITHS, J .H .E . and WERTZ, J .H .,  P roc . Phys. 
S o c ., 78, 554 (196I )

3 . LOW, W. and SUSS, J .T . ,  B u ll. Am. Phys. Soc. 1 ,  %  (l964)

4 . LOW, W. and SUSS, J .T . ,  Phys. L e t te r s ,  7, 310 (1965).

5 . LOW, W. and SUSS, J .T . ,  Phys. Rev. L e t te r s ,  15. 519 (l965) and I s r a e l
AEC R eport IA-1056.

6 . WERTZ, J .E . ,  AUZINS, P . ,  GRIFFITHS, J .H .E . and ORTON, J.W ., D isc. Faraday 
S o c ., 28, 136 ( 1959) .

* **
E lectrolim ainescence and D ark-C urrent in  Sem iconducting Diamonds : A. H alp erin  ,

V. Bar and J .  Levinson.

The e lec tro lu m in escen ce  and c o n d u c tiv ity  o f some specimens o f  semi­

conducting  diamonds (type  I lb )  were in v e s t ig a te d .

* T his re se a rc h  was supported  in  p a r t  by the A ir Force Cambridge R esearch 
L ab o ra to rie s  under C on trac t A F6l(052)-759 through the  Exiropean O ffice  o f  
Aerospace R esearch, U nited  S ta te s  A ir  F orce.

**
Hebrew U n iv e rs ity , Jerusalem .
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Dependence o f  th e  e lec tro lum ineacence  em ission  spectrum  
on tem p era tu re , w ith  300 V a p p lie d  ac ro ss  specimen C^.
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Dependence o f  th e  e lec tro lu m in escen ce  em ission  spectrum
on the  ap p lied  v o ltag e  a t  room tem peratu re  in  specimen C .
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A ll the  c r y s ta l s  showed p -ty p e  d ir e c t io n  o f  r e c t i f i c a t i o n .  The 

dependence o f  th e  c u r re n t and th e  em itted  l i g h t  on the  v o ltag e  and tem pera- 

ti ire  was m easured, as  w ell as  th e  spectrum  of the  em itted  l i g h t .  In  most o f 

th e  experim ents s h o r t  square v o lta g e  p u lse s  were a p p lie d  to  th e  c r y s ta l s .

In  some experim en ts, e s p e c ia l ly  a t  low v o lta g e s  and low tem pera tu res, both 

DC and AC v o lta g e s  were a p p lie d .

The e lec tro lu m in escen ce  was found to  r i s e  e x p o n e n tia lly  on warming

th e  c r y s ta l ,  w ith  an a c t iv a t io n  energy o f  0 .3  -  0 .4  eV, which i s  c lo se  to

th e  a c t iv a t io n  energy  ob ta in ed  from d a rk -c u rre n t m easurem ents^^^.

The p lo t  o f  lo g  I  a g a in s t  (where I  i s  th e  in te n s i ty  o f the
VV

em itted  l i g h t  and 7  th e  a p p lie d  vo ltage}  g iv es  a co n s tan t s lope  up to  about 

100 v o l t s  ac ro ss  the  c r y s ta l s  (about 300 v o l t s  p e r  cm). At h ig h e r v o ltag es  

th e  curve becomes s te e p e r .  I t  i s  in t e r e s t in g  th a t  e lec tro lu m in escen ce  has 

been observed w ith  only  1 .8  v o l t s  a c ro ss  the  c r y s ta l ,  which i s  le s s  than  one 

th i r d  o f th e  fo rb id d en  gap.

The em ission  spectrum  c o n s is ts  o f  two broad bands, one in  th e  b lu e - 

v io l e t  r e g i o n ^ w i t h  a  maximmn around 4400 and th e  o th e r  in  the  o range-red  

re g io n  (5500-8000 %) w ith  s e v e ra l maxima. F igure  10 shows th e  tem perature 

dependence o f  th e  em ission  spectrum  o f one specimen (C^ in  our n o ta t io n ) .

When the  tem peratu re  r i s e s  the  r a t i o  between the in te n s i ty  o f the b lue  band
•»

and th a t  o f  th e  re d  band d e c re a se s . F igu re  11 shows th e  dependence o f  the 

em ission  spectrum  on th e  v o ltag e  f o r  specimen C^. The "red" band i s  more 

pronounced a t  low v o lta g e s .

R e fe re n ces ;

1 . AUSTIN, I . e .  and WOLFE, R ., P roc . Phys. S o c ., London B69, 329 ( l9 6 l)  ; 
a lso  HALPERIN, A, and NAHUM, J . ,  Phys. Chem. S o lid s , 18, 297 ( l9 6 l ) .

2 . WOLFE, R. and WOODS, J . ,  Phys. Rev. 10^, 921 ( l9 5 7 ) .
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* **
Thermoluminescence in  Sem iconducting Diamonds : A. H alp erin  and R. Chen

The therm olum inescence glow curves o f  sem iconducting diamonds have 

been measured in  e a r l i e r  work^^^. I t  was shown th a t  a f t e r  e x c i ta t io n  w ith  

UV l i g h t  (2250 2 ) a t  l iq u id  a i r  tem peratu re the  glow ob ta in ed  d u rin g  the 

wsTtn-up o f  the c r y s ta l  c o n s is ts  o f  a  weak peak below 150°K, a  very  s tro n g  

com posite peak n e a r  250°K and wegdcer glow peaks a t  h ig h e r tem p era tu res . The 

em ission  was found to  be b lu e -g re e n . The most e f f i c i e n t  e x c i ta t io n  w avelength 

was a  sh a rp ly  d efin e d  peak n e a r 2250 2 ,

In  the  p re se n t work the  therm olum inescence was examined in  g r e a te r  

d e t a i l ,  and th e  fo llo w in g  new in fo rm atio n  o b ta in ed ;

a) The b lu e  glow pdaks a re  hccoilipanied by rted peaks a t  about 

175°K and.280°K.

b) The b lue  peaks could be e x c ite d  n o t on ly  by w avelengths n e a r  the  

a b so rp tio n  edge (2250 £ ) b u t a lso  by lo n g e r w avelengths up to  about 4000 X.

c) The e x c i ta t io n  spectrum  f o r  th e  red  peak ( a t  280°K) extended 

to  w avelengths up to  6000 X and more.

d) The dependence o f  th e  in t e n s i ty  o f  the main therm olum inescehce peak 

on th e  t o t a l  dose o f  the e x c i t in g  l i ^ t  was a lso  examined in  d e t a i l .  For 

e x c i ta t io n  w ith  l i ^ t  n ea r th e  edge (2200 to  about 2600 X) th e  in t e n s i ty

o f the  250°K peak was s t r i c t l y  p ro p o r tio n a l to  the  e x c i ta t io n  dose . For 

e x c i ta t io n  w ith  w avelengths o f  2700 to  n e a r ly  4000 X the  dependence was 

s u p e r l in e a r ,  be in g  p ro p o r tio n a l to  the second power o f  th e  dose a t  3000 X 

and to  the  th i r d  power a t  3600 -  3700 X. For w avelengths above 4000 X only  

the re d  peak ( a t  280°K) could be e x c ite d , and i t s  in t e n s i ty  was s t r i c t l y  

p ro p o r tio n a l to  th e  dose . F ig .12 shows some re p re s e n ta tiv e  cu rves o f  the 

maximum in t e n s i ty  o f  the  250°K peak as a  fu n c tio n  o f  th e  dose f o r  some

T his re s e a rc h  was supported  in  p a r t  by th e  A ir Fdrce Cambridge R esearch 
L a b o ra to r ie s  under C on trac t AF 6l(052)-759» through the  European O ffice  
o f  A erospace R esearch , U nited  S ta te s  A ir F orce.

The Hebrew U n iv e rs ity , Jerusa lem .
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Pig. 12
I n te n s i ty  o f  the main peak as a fu n c tio n  o f  the  
i r r a d ia t io n  dose "rype l i b  diamond (specimen C^)

a ) 2800 2 , i n i t i a l  slope (n) = 1 . 7
b) 3000 n = 1 .9
c) 3200 n = 2 .1
d) 3400 n = 2 .3
e) 3500 n = 2 .7
f )  3600 X, n = 3 .0
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w avelengths o f e x c i ta t io n .  On the  lo g ^ lo g  sc a le  used the  s lo p e  g iv es  the 

power o f  the  dose to  which th e  in t e n s i ty  i s  p ro p o r tio n a l ( a t  low d o se s ) .

e )  The b lue  peak a t  about 150°K was found to  depend l i n e a r ly  on 

th e  dose a t  low doses and s u b lin e a r ly  a t  h ig h e r  ones. At a  c e r ta in  dose 

th e  in te n s i ty  o f  th e  peak reach es  a  maximum and when h ig h e r doses a re  used , 

th e  in t e n s i ty  o f th e  peak d ro p s . This seems to  be th e  r e s u l t  o f  com petition  

between e x c i ta t io n  and b leach in g  e f f e c t s .  B leaching e f f e c t s  a re  a lso  observed 

when i l lu m in a tin g  th e  c r y s ta l  w ith  v is ib le  o r in f r a re d  l i ^ t  a f t e r  e x c i ta t io n  

in  UV.

R eference;

1 . HALPERIN, A. and NAHUM, J . ,  J .  Phys. Chem. o f  S o lid s , IB, 297 ( l9 6 l ) .
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5. P L A S M A  P H Y S I C S

H ad ia tio n  bv Growing Plasma O s c il la t io n a  : S, Cuperman

The e lec tro m ag n e tic  r a d ia t io n  em itted  from bounded plasmas by- 

growing ( in  tim e) plasm a o s c il la t i-o n s  was s tu d ie d . Such growing o s c i l l a ­

t io n s  occur when f o r  some reaso n  a plasm a i n s t a b i l i t y  i s  s e t  up. S p e c if ic a l­

ly ,  th e  growing plasm a o s c i l l a t io n s  a r i s in g  from the nonconvective e le c t r o ­

s t a t i c  i n s t a b i l i t y  in  an i n f i n i t e l y  long  c u rre n t c a rry in g  c y l in d r ic a l  

plasm a o f f i n i t e  ra d iu s  were co n s id e re d .

U sing th e  l in e a r iz e d  eq^uations o f m otion, th e  f i e ld s  and the 

d is p e rs io n  r e l a t io n  co rrespond ing  to  f r e e  boundaries were o b ta in ed . Under 

c e r t a in  c ircum stances th e  s o lu tio n  o f  th e  d is p e rs io n  equation  lead s  to  

complex -yalues fo r  th e  frequency , th e  wave number be in g  k ep t c o n s ta n t. The 

phase v e lo c i ty  o f th e  p ro p ag a tin g  f i e l d  i s  n ear th e  co n stan t a x ia l  v e lo c i ty  

o f the  e le c tro n s ,  th u s  be ing  sm a lle r  than  th e  v e lo c i ty  o f l i g h t .

An approx im ation  f o r  th e  e lec tro m ag n e tic  power d e n s ity , v a l id  f o r  

th e  case in  which th e  r a te  of growth Y i s  much sm a lle r  than  th e  r e a l  

p a r t  o f  the  freq u en cy , was ob ta in ed  and i t s  asym pto tic  ex p ressio n  considered . 

The p a r t i c u la r  v a lu e  of th e  e.m . power d e n s ity  f o r  th e  s ta t io n a ry  regime 

( i . e .  v a n ish in g  r a t e  o f growth) was found. This q u a n ti ty  i s  v an ish in g  i f  

th e  phase v e lo c i ty  o f the  p ro p ag a tin g  f i e l d s  i s  sm a lle r  than th e  v e lo c i ty  

o f l i g h t .  However, w ith  Y /  0 , th e  e lec tro m ag n e tic  power d e n s ity  b u ild s  

up from zero  to  nonvanish ing  v a lu e s .

Theory o f th e  Buildu-p o f a Beam-Generated P lasm a; S. Cuperman

Recent experim ents on beam -  plasm a in te r a c t io n s  in  which the 

plasm a i s  produced by th e  in te r a c t io n  o f a  m onoenergetic e le c tro n  beam
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w ith  n e u t ra l  hydrogen gas have shown an unusual behav iour o f  th e  degree o f  

io n iz a t io n  o f th e  n e u t ra l  gas as  a  fu n c tio n  o f  the n e u t r a l  gas d a i s i ty .  The 

e le c tro n  d e n s ity  o f  th e  plasma i n i t i a l l y  in c re a se s  as  a l in e a r  fu n c tio n  o f  

th e  d e n s ity  o f  th e  n e u t r a l  backgroiind g as ; then  an ab ru p t jump occu rs , 

co rrespond ing  to  a d e n s ity  r i s e  o f  300 -  400 ^ , o r even much la rg e r  i f  a 

m irro r  m agnetic confinem ent i s  p re s e n t.  Follow ing th i s  d is c o n t in u i ty ,  th e  

plasma e le c tro n  d e n s ity  again  r i s e s  l i n e a r ly  w ith  th e  n e u tra l  background. 

D uring th e  unusual r i s e ,  in te n s e  rad io fre q u en cy  a c t iv i t y  i s  observed . More­

o v e r, th e  em erging e le c tro n  beam sp reads co n s id erab ly  and d if fu s e s  in  th e  

d i r e c t io n  o f  low er e n e rg ie s . Under c e r ta in  circum stances beam -elec trons 

w ith  en e rg ie s  se v e ra l tim es la rg e r  than  th e  i n i t i a l  one a re  observed.

An a ttem p t i s  b e in g  made to  d e r iv e  th e  theo ry  o f  th i s  enhanced 

io n iz a t io n  by e le c tro n  beam -  plasma in t e r a c t io n .  The th eo ry  in v o lv es  th e  

n o n - lin e a r  in te r a c t io n  between th e  s tro n g ly  tim e dependent m icroscopic 

e l e c t r i c  f i e l d s  (which appear when a  beam -  plasma e l e c t r o s t a t i c  i n s t a b i l i t y  

i s  s e t  u p ) , and th e  beam p a r t i c le s  and co ld  plasma p a r t i c l e s .

Review o f  Experim ental and T h e o re tic a l S tu d ie s  on Plasma Form ation by L aser
*

Beams ; J .  Joskowicz

S ev era l experim en tal and th e o r e t ic a l  s tu d ie s  have been c a r r ie d  ou t 

over th e  p a s t th re e  y e a rs  on io n is a t io n  and gas breakdown phenomena 

a s s o c ia te d  w ith  la s e r  beams. Experim ents proved to  be p e r f e c t ly  concordan t, 

b u t th e  th e o r ie s  were c o n tra d ic to ry  a t  f i r s t .  However, a  c r y s t a l l i s a t i o n  

seems to  be on th e  way: gas-breakdown i s  e s s e n t i a l ly  governed by in v e rse  

b rem sstrah lu n g , whereas th e  f i r s t  io n is a t io n s  a re  due to  m ultipho ton  

a b so rp tio n . The p re s e n t work summarizes th e  v a rio u s  th e o r ie s  on plasma 

fo rm ation  by l a s e r  beams.

* On an I s r a e l  AEC F e llo w sh ip , Permanent a d d re ss ; Euratom-CEA, Fontenay- 
Aux-Roses, F rance.
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M A T H E M A T I C S

On t he S tru c tu re  o f  T _A. -  A lgebras : Y, Ilamed

The id e a  o f  s tu d y in g  th e  s tru c tu re  o f  T A -  a lg eb ras  (Taussky A 

a lg eb ra s )  was suggested  by Olga Taussky^^^ who proposed s tudy ing  the 

s t ru c tu re  o f  an a lg e b ra  whose com position law i s  g iven by th e  g e n e ra lise d  

Jo rdan  product MN + N M , where M and N a re  complex n by n m a trice s  and 

•* deno tes th e  complex con jugate  and tran sp o se  o p e ra tio n .

Corresponding to  an a s s o c ia t iv e  a lg eb ra  A we d e fin e  a T A a lg eb ra  

by th e  com position law ab

ab = — (a .b  + b* .a*) ( l )

where a .b  deno tes m u l t ip l ic a t io n  in  A and * denotes a  one-to -one l in e a r

mapping o f th e  a lg e b ra  A onto  i t s e l f  such th a t

/ \*  * * / *\* / \(a .b )  = b .a  , (a  ) = a  (2)

D enoting by [ a ,b ]  the  commutator o f  a ,b ,  namely [ a ,b ]  = ab -  ba, 

and by ( a ,b ,c )  th e  a s s o c ia to r  o f  a ,b ,c ,  namely (a ,b ,c )=  (ab )c  -  a (b c ) , the  

fo llo w in g  i d e n t i t i e s  a re  v a l id  in  T A -  a lg eb ra s

, * * 
(,ab; = b a ( 3)

(ab )*  = ab (4)

[ a ,b ]  = [ b ^  a*] ( 5)

( a ,b ,c )  + (c* , b*, a*) = 0 (6)

[a b ,c d ]  = 0 (7 )

( ( a b ) (a b ) ,  cd , ab ) = 0 (8)

( a ,b ,c )  — ( b ,a ,c  ) + (a  , c ,b ) (9)

(a ,b * ,c )  + (b ,c * ,a )  + (c ,a * ,b )  = 0 (10)

(a ,b c ,d )  + (d ,b c ,a )  + (b c )[ad  ] = 0 (11)

R efe ren ce ;

1 . TAUSSKY, 0 . ,  R esearch  Problem 17, B u ll . Am. Math. S o c .,21 , 711 (l965)
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H am ilton-Caylev Theorem fo r  M atrices w ith  Non-Conmiutative Elements^^^ :

Y« Ilamed

In  th i s  paper an example i s  g iven  to  show how th e  Ham ilton-Cayley 

theorem fo r  a  m a trix  w ith  non-comm utative elem ents can be used to  o b ta in  

i d e n t i t i e s  in  the envelop ing  a lg e b ra  o f  a  g iven L ie  a lg e b ra .

R eferen ce ;

1 . ILAMED, Y ., L ec tu res  in  T h e o re tic a l P h y sics , Eds. W. E. B r i t t i n  and 
A. 0 . B aru t, V ol. VIIA, p .295, Univ. o f Colorado P re s s , 1965

Fourth  O rder Three P o in t D iffe ren ce  Scheme fo r  So lv ing  L inear Second Order 

D i f f e r e n t ia l  E quations ; A. (Jersten

The d i f f e r e n t i a l  equ a tio n  y"(x ) + A (x )y '(x )  + B (x)y(x) = C(x) w ith  

i t s  boundary co n d itio n s  i s  approxim ated by f i n i t e  d if fe re n c e s  w ith  an 

accuracy o f  0 ( ( a x ) ^ ) .  The form ula connects e n t i t i e s  fo r  th re e  v a lu es  o f  

th e  argument and can be a p p lie d  in  some cases  o f re g u la r  s in g u la r i t i e s .




